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TT HIS great new work presents—for the first time 
in one volume—a complete coverage of the terms 
of science and engineering. Principles are clearly 
explained—methods of calculation are fully described 
with the formulae and units—chemical structures 
and reactions, physical laws and instruments, engi- 
neering design, construction, and operation are 
merely suggestive of its tremendous scope—which 
extends throughout the entire range of technical 
knowledge up to the most recent advances and in- 
ventions. The great number. of photographs, dia- 
grams, and charts have been specially prepared and 
selected to show the salient facts most clearly, In- 
numerable tables and summaries make all this in- 
formation easily available for instant reference. 
This vast fund of information has been prepared 
and organized by a plan that insures its usefulness, 
completeness, and accuracy. Each entry is first ex: 
plained in simple, broad terms that are easy to 
understand, and that serve as an illuminating intro- 
duction to the detailed and more advanced informa- 
tion which follows, 


From Fundamentals to 
Latest Advanced Discoveries— 
Principles, Methods, Formulas—Clear Charts, Diagrams 


FFOR the student, the hobbyist, the manual worker, this great 

volume supplies, for the first time, a. single, convenient 
source of reference covering all the sciences.” The ample 
cromreferences make it easy to follow a complete course 
of study on any chosen subject. By this flexible plan of ar 
Fangement, the professional scientist, who wants specific in 
formation instantly, either in his own field or uy related 
field, can find it in'a few seconds in its alphaberical place— 
‘comprehensively created in the language he works withthe 
Tanguage of sciences 


The Instant Question-Answerer for Laboratory 
and Shop Workers, Mechanics, 
Home Scientists, Students 


Answers tens of chousands of questions such a8: The value of 
fadial, rotary gas engines—How the Diesel Engine operates 
How ‘air conditioning functions What is the Comfog. tele 
vision system—How storage batteries work-—How to find your 
Briton "a seaHigw 0 do ‘dead seckoning--How yout 
Rervous system works—How to recognize every sar, planet, 
onstellatlon=How optical instruments ag conucrycted_How 
fo'work arithmetic, algebra, geometry problems-Hlow bridges 
are constructed-—How an “airplane beacon system’ wor 

How petroleum is cracked to make gasoline—How rayon is 
madesHow t0 survey a piece of land—and thousands more, 


‘in One 


‘The vast wealth of useful information 
Encyclopedia, if published in the or: 
fill more than 12 average-size volumes. Here is just a 
eet outline of some of the subjects covered: 
CHEMISTRY: Chemical elements—symbols, acomic number, acomic 


weight, density, hardness, melting point, etc.—common re- 
actions, occurrence in nature, method of production from ores, 


Agricultural chemistey, food chemistry. 


PHYSICS: Mechanics, heat, light, sound, electricity, magnetism, 
Xrayk, fully covered; principles and application profusely 
illustrated. 


MATHEMATICS: From fundamentals of arithmetic to algebra, 
geometry, trigonometry, calculus, differential equations, etc. 
with special emphasis on their application to science, 
ASTRONOMY: Arcicles cover the entire subject. Each important 
constellation is shown on a star map s0 that it can be easily 
Tocated in the sky.” Complete information on planets, use of 
telescope, spectrometer, ete. 

ZOOLOGY: The whole story of life from the tiniest single-celled 
oganisms up to man himself, including vast numbers of common 
Insects, mollusks, worms; birds, fish, reptiles, mammals, 
MEDICINE: Thorough coverage of anatomy, cicculatory system, 
fervous system, muscular system, skeletal system, excretory 
fystems, ete. Vitamins, hormones, Bacteriology.” Diseases 
sympoms, diagnosis, treatment, ‘Drugs. Latest researches and 
findings. 

MECHANICAL ENGINEERING: Principles of mechanics, machine 
design, enginees parts and instruments. Types and functions 
of bolts, cams, gears, and other fundamentals up to automobiles, 
aeroplanes, locomotives, ete. Steam, as, gasoline, diesel 
engines. 

CIVIL ENGINEERING: Surveying. Bridges, highways, railways 
every subject thoroughly explained. 
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trated. 1 . VAN NOSTRAND CO., Inc. 
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BRIG. GEN. ALDEN H. WAITT 
(“Smoke” Armor, page 62) is one of 
the few original World War chemical- 
warfare officers remaining in our Reg- 
ular Army. Now Executive Officer of 
the Chemical Warfare Service, he it 
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o men of 


draft age: 


Ww High number, low number — eventually 
your number will come up, and you'll be called 
to help out Uncle Sam in the Army. 

But today’s Army is a different one from the 
Army of 1917. Today's Army wants and needs 
specialists — men who are trained for more 
important and better paying jobs than mud 
slogging or spud peeling! 

Thus, the selectee who is a Draftsman, a 
Radio Expert, a Stenographer, a Machinist, a 
Surveyor, an Automotive Technician, an Elec- 
trician, or who has training in some other field, 
stands a far better chance of reaching quickly 
“non-com” or “Specialist” grades than the man 
without training in any phase of Army work. 


Where do you fit into this picture? 


INTERNATIONAL CORRESPONDENCE SCHOOLS 


HELPING TO TRAIN AMERICANS 


When your number's called, will you be 
another “Rear Rank Rudy,” drawing the low- 
est base pay — or will you be qualified through 
sound, modern training for the much higher 
“N.C. 0.” or “Specialist” pay rates? 

If you've ever thought of getting the train- 
ing you lack—now’s the time! For a few dollars 
a month, you can study an I. C, S. Course in 
your spare time, at home, and prepare your- 
self — not just for a more important Army job 
—but for success in civil life! 


This coupon will bring you complete infor- 
mation, at no cost or obligation. For thousands 
of successful men, mailing it has been the most 
important act in their lives! Will you invest a 
3¢ stamp—now-—to learn how you can benefit? 


SPECIAL 
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FOR MEMBERS 
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ARMED FORCES 


FOR viICTORY 


BOX 7655-K, SCRANTON, PENNA. 


Without cost or obligation, please send me booklet 
the course before which Ihave marked X: 


and full particulars about 
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TAKE MY ADVICE— 


FOR YOUR 
FUTURE ! 


E Air Force officers foresee a 

great future in the sky. Pre- 
pare today for your place in this 
future .... when you'll fly your 
own plane or make aviation your 
vocation, 

Take aviation subjects at night 
school, study aeronautics at home. 
When peacetime comes see your 
Piper Dealer and learn to fly. He 
can teach you with as little as 
8_hours_of dual instruction ina 
Piper Cub. 


Send Today for Your 
“HOW TO FLY” Booklet! 


Prepared by a 
certificated 
flight instructor. 
Clearly explaii 


Haven, Penna, 


POINTS THE WAY TO WINGS FOR ALL AMERICANS 
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“Just getting the wire laid was a tough problem. Keeping it intact in bombings, 


shellings and adverse weather is a twenty-four-hour proposition... . Wire repair 
crews are made up of four men, Three stand guard while the ‘other works.” 


(Brom story by Sat, Jemes W, Hurlvut, Murine Curve Combat Correspondent) 


Telephone Exchange on Guadaleanal 


JULY, 1943 


Marine communications men built 
it under fire. And it has been kept 
built. The “Guadalcanal Tel & 
Tel” covers well over a thousand 
miles of wire. 


That is where some of your tele- 
phone material went. It’s fighting 
on other fronts, too. We're getting 


BELL TELEPHONE SYSTEM 


along with less here so they can 
have more over there. 
Telephone lines are life-lines and 
production lines in a war. Thanks 
for helping to keep the Long Dis- 
tance wires open for vital calls to 
war-busy centers. 
WAR CALLS © 
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Send for our free beautifully illustrated 24 page booklet 
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ic BUY MORE WAR 
Notice to Subscribers 


| In the Armed Forces 


Those who wish to notify us of 
change of address are re- 
quested to give us the key sym- 
bols appearing on the wrapper 


in which the magazine is re- 
ceived. This will not only fa- 
cilitate prompter mailing, but 
will also assure subscribers who 
are in the armed forces faster 
service. 


a 
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CIVIL AERONAUTICS ADMINISTRATION 
ROYAL AIR FORCE | 
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A million tons of rubber 


 COWNWF JO MASIE ' vx 


‘You'p demand action—if you knew that a million tons 
of rubber were going to waste, when it’s vital to our war 
effort. 

And yet the fact is, a million men are “going to waste” 
in low-paid, unskilled jobs—when, with a few months of 
practical, spare-time training, they might be doing more 
important, better paid work in some victory-vital shop 
or factory! 

And America needs trained man-power as much as 
she needs rubber and gasoline! 

‘You can demand action on this matter, too—by mail- 
ing this coupon today, and learning how quickly a low- 
cost I, C. S. Course can fit you to be a better fighter on 
the business and industrial front! 

Act right now—the world won't wait for slow-pokes! 


INTERNATIONAL CORRESPONDENCE SCHOOLS 


HELPING TO TRAIN AMERICANS FOR VICTORY 


BOX 7656-K, SCRANTON, PENNA. 
Without cost or obligation, please send me a copy of your booklet, “Who Wins 
and Why,” and full particulars about the course before which I have marked X: 
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Coming Next Month 


FEAR is nothing to be ashamed of. Everybody 
at times has that sinking feeling in the pit of 
the stomach. It's what you do about it that 
counts. The Army, faced by the job of con¢ 
tioning millions of men for the change from 
peaceful pursuits to the terrors of the battle- 
field, has discovered some interesting facts 
about fear and the way to control it. 


PAINTING BIRDS from life is a fascinating 
art, whether you are a professional or an ama- 
teur. George M. Sutton, whose life portraits of 
American wild birds are prized by outdoorsmen 
and scientific naturalists alike, gives a step-by- 
step description of his working methods, from 
the sketching of the elusive model in the field 
to the making of the finished painting. 


SHAPERS—small planing machines that de- 
liver a short, forward cutting stroke—are find- 
ing increasing use in factories and shops. For 
the benefit of readers who want to master this 
handy machine, or are curious as to how it 
works, we publish a series of photographs from 
a film produced by the U. S. Office of Educa- 
in for training of machine-tool operators. 


FIGHTER PLANES engage in the fastest, 
deadliest form of combat known to man. Yet, 
even here, teamwork and tactics are the price 
of survival. Catch-as-catch-can dogfights be- 
tween lone-wolf flyers belong in the movi 
Drawings show how fighter formations maneuv- 
er to meet changing conditions in split-second 
combats miles above the earth. 


WHAT ABOUT AIRCRAFT CARRIERS? 
The flat-tops got their baptism of fire in the 
present war. Previously untried in actual com- 
bat, they found themselves doing things for 
which they had never been intended. What has 
the war taught us about this highly specialized 
type of naval vessel? How will the lessons of 
battle affect their future design and use? Alden 
P. Armagnac gives the answers in an authorita- 
tive article. 


SUMMER IS HERE! You can dodge a lot of 
the heat—and the humidity, too—if you will 
take a little trouble to give air circulation a 
chance in your home. J. Harold Hawkins, au- 
thor of “Your House,” makes practical sug- 
gestions for the job. You don't have to be an 
air-conditioning engineer to carry them out, 
either. 
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Bea RADIO Technician 


I Train Beginners at Home for Good 
Spare Time and Full Time Radio Jobs 


More Now Make $30 $40 $50 
a Week than Ever Before 


Here's your chance to get a food 
job in a busy wartime fleld with a Extra Pay In 
Bright peacetime future! There ie Army, Navy, Too 
Radio Technicians and Operators. sa tatters vet 
S80 mall the Coupon for my FREE 
GA-page, fMlustrated book, “WIN 
RICH REWARDS IN RADIO.” It 
28 Years describes many fascinating types 
of Radio jobs; tells how you can 
train for them at home in spare 
time! 
Jobs Like These GoTo Siisi fii" hisfiyrepured to fake mau 
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Sobel a facie Liiveee | Sate cy pranatoPan ge 
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type of work, but I ean say that NR. "Neck citia’ within a few monthe © Washington, D. ©. 
pete elie een 
aye” LIEUTENANT RICHARD W, AN- TRAINING MEN FOR VITAL RADIO JOBS 


74 BOOK HAS SHOWN HUNDREDS 
14 HOW TOMAKE GOOD MONEV 
4, SMITH, President, Dept. 30P3 
Kistionat Radio Institute, Washington, D.C. 


‘Mail_me FREE without obligation, your 64-page book, 
win Wich wards ta Radio.” (Ho "salesman wil call 


HOLLIS F. HAYES 
“1 am Inspector on Atreraft Radio Eautpment 
for ‘U, &. Blgnal ‘Corps under supervision of 
War Department. Enjoy doing ay bit in thea 
War times and appreciate my NIL, training. 
‘VERNIS B, CHARLTON 


"Government bas ei 
RL training.” 
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The Invisilde Council 


DO PAST PERSONALITIES 
INFLUENCE OUR LIVES? 


JS THERE congregation of the great minds 
that once dwelt upon earth? Does their in- 
telligence linger on to inspire those who remain 
—like the scent of flowers removed? 

‘Has there ever flashed into your consciousness 
an amazingly clear plan or purpose—accompanied 
by sibtranen, Jeandibte’comseend act Upon ie 
Have you, like many others, found success in 
obeying such impulses—and failure, if you scoffed 
and disregarded them? Do such experiences in- 
dicate that, like a musical note, we each have 
our bermonic—some guiding pest intelligence— 
with which our personal consciousness is attuned? 

There has ever persisted the doctrine that the 
eminent characters who have departed are Cos- 

ically ordained to perpetuate their work and 
tims through ‘new, ving personalities in each 

you, too, have observed an inex- 

eae similarity between your ideals and i 
clinations and those of a prominent personage of 
some other century or time. 


Accept This G¢z Book 


This is not a religious problem. It is not one 
concerned spiritualistic phenomena. It is a 
fascinating consideration of the survival of human 
consciousness se death, and how intelligences 


x ox Tenoten haus ciallasgsd 
the reality of these irrefutable experi- 
ences. The Rosicrucians, the oldest exist- 


mysticism and metaphysics, invite you to 
investigate this fascinating subject. Write 
today for the free book entitled “The 
Mastery of Life.” It is simply and force- 

fully written. Tt is an open portal to a 

satisfactory explanation of these and other 

mysteries of life. Be not content 

just to live. Know what influe 
ences your, life, and. find joy 


and con, 
‘and mastecful living. 


Address: Scribe X. E, X. 


The ROSICRUCIANS 


(AMORC) 
Rosicrucian Park, San Jose, California, U.S.A. 
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See ret 
Shagaea pe Romses “Bt. Sued 
SER ts ta annie at 


Jefe Yor weakness’ and that 


isa sae Pi 
rou i Reve eu asie fans 


tlful'sult of muscle! 
Here's What Only 15 Min- 
utes a Day Can Do For You 


FRE! Seen 


rant this boo 


* me § NEW MAN, right in the privacy of 3gUr 
are, ip’mingter a day. hen fanl—get this 


eae ta lig es 
MAIL THIS COUPON NOW 
———— 


CHARLES ATLAS, Dept. 17, 
115 East 23rd St., New York City 


‘C/Cheea here nie Yar oautet & 
——— 
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P. S. M. Canteens Go Over 
the Top Down Under 


As presipeNt of the Long Beach Home- 
crafters, of California, I think you might be 
interested in the following excerpt from a 
letter I recently received from Australia. 

“We would like to 
thank you and your 
Homecrafters for 
the excellent plans 
showing how to 
build canteen equip- 
ment which were 
published in Port- 
Lar ScreNck MoNTIt- 
Ly for December, 
1942. We also wish 
to thank your 
splendid men and 
women, stationed 
here, for their time- 
ly help. We are sincerely grateful and try to 
make them feel at home among us, You can 
tell any American mother, father, sister, or 
brother that we are doing our best for the 
young men and women they have sent us. 
We treat them as our own children, inviting 
them to our suburban homes, Many of them 
have been taken into the Australian bush and 
they have seen your canteen equipment dupli- 
cated over and over again. They recognize it 
as an idea from the States and seem to enjoy 
food more when it is served from this equip- 
ment.”—C. H. H., Long Beach, Calif. 


This Is Why Editors 
Get Gray 


TnncentLy received my April copy of P.S.M., 
and found it very interesting. As I have been 
an electrical worker since 1929 T was natural- 
ly interested in the article “Battle of the 
Kilowatts.” On page 109, however, what you 
describe as transformers look to me much 
more like off cireuit breakers, Am I right or 
wrong?—W. K. B., Clinton, Mass. 


NICE BABY! 


You're right, W. K. B., and we're both sorry 
and glad about it, Sorry that we made the 
error, and glad to be reminded that we have 
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@ critical and well-informed audience. Many 
thanks to you—and to our other readers who 
were sufficiently interested to write and call 
the mistake to our attention—Ed. 


“Murder!” He Says. Is This the 
Language of Science? 


I ret. like killing A. H. W., of Phoenix, 
Ariz., who wrote about piping air down from 
Pikes Peak for use in balloons, and also 
B. J. L, of Cleveland Heights, Ohio, who sug- 
gests compressing helium in tanks to make 
them lighter for air transportation. I also 
think the P.S.M. editor who allowed these 
letters to be published should be shot. These 
ideas are just too ridiculous, even if they are 
only “brainstorm entries.” I have been read- 
ing P.S.M. for years and I enjoy it very 
much indeed.—A. J. G., New York, N. ¥. 


In Ohio the Problem 
Was Tougher 


Ta writing in connection with the problem 
which R. S., of Akron, Ohio, had in your May 
issue. A man cashes a check for “X” dollars 
and “¥” cents at a bank. By mistake the 
teller gives him “Y” dollars and “X” cents, 
Without counting the money, the man goes 
to 4 hat store and buys and pays for a $3.50 
hat. He then finds he has twice the amount 
of money that the check was originally 
drawn for, Question: what was the amount 
of the check? The answer is $14.32, But R. S. 
should have made it clear that the man knew 
where he could buy a hat without paying 
state sales tax—which, on this particular 
purchase, would have amounted to 11 cents, 
and which had me scratching my head a 
good deal longer than I needed to in order 
to solve the problem.—S. B., Cleveland, Ohio. 


The Sergeants Are Good 
—But Not That Good 


IN tHe article “Army Gets High-Speed Film 
Processer” we note your statement that the 
processer develops 
900 feet of film per 
minute. We believe 
this should be 900 
feet per hour. We 
have worked this 
type of machine for 
well over a year, 
and the fastest de- 
veloping we have 
been able to do is 
825 feet an hour— 
Sets. LB. L. and 


HEY, THIS 15 FILM, 
NOT RED TAPE! 


“Hour” instead of “minute” is correct. 
We're sorry if we appeared to be rushing 
things. —Ea. 


POPULAR SCIENCE 


THERE'S something about « perfectly 
performing aircraft engine that makes 
a pilot’s eyes shine, Unconsciously he is 
probably reflecting the confidence he 
places in it. 
He undoubtedly does not think of its 
marvelously ingenious construction, the 
roles played by bundreds of ‘pre- 
sion parts each with its own specific 
job to do. No, to him it’s one single me- 
chanical marvel, with a distinct person- 
ality, which he has learned to know and 
respect because he has found it depend- 
able in situations involving life or death. 
The Champion Spark Plugs we manufac- 
ture for use in aircraft engines of every 
size are built with this in mind. Ours is 
just one component with one vital job 
to do in any engine it goes into. But itis 
a vital product—vital because it must not 
fail. We never want that light in a pilot's 
eyes which bespeaks his silent trust in us 
to be suddenly extinguished by the biter 
disillusionment which failure of our prod- 
uct would mean. 
That's the kind of responsibility we 
honestly feel for every Champion Spark 
Plug made by us—that is the trust we 
have undertaken and will not fail to meet. 


KEEP EM FLYING—BUY WAR BONDS AND STAMPS 
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GIVE YOUR CAR THIS 


BEAUTY 
TREATMENT 


PRESERVE FINISH WITH 


MOBILWAX 


ALSO USE MOBILGLOSS 
AND MOBILWAX ON 
FURNITURE AND WOODWORK 


—— 


Buy where you buy 
Mobiloil or Mobilgas 


25 + Mobil Stop-Leak » Mobi! Radiator Flush 
Mobil Hydrotone « Mobil Handy Oil » Mobil Upperlube 
Mobil Window Spray » Mobilwax~ Mobil Spot Remover 


BY SOCONY-VACUUM 
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Hawaii Speaks 
—On V-Mail 


I woup like to borrow few space in 
“Readers Say" de- 
partment. It written 
in local papers that 
the V-mail is good to 
write home asking 
for money or other 


YiJW) quick-needed item, 
ues but darn that V-mail 
4 J its either too faint or 


B/ too small of a letter, 
= for a morale builder 
its no good to receive 
such a short and 
small letter, they 
rather receive a long 
letter from the friends and loved ones from 
home. Aloha.—P. M., Olaa, Hawaii, 


THERE '$ Y-MA)L AND 
v-mai ! 


Bed-Time Thoughts or the Earth’s 
Rotation Might Explain It 


I mAve from time to time read various let- 
" purporting to explain 
why it is that a dog makes several turns be- 
fore lying down. Some say it is due to an 
instinct that goes all the way back to pre- 
historic times when animals of this size found 
it advisable, before lying down, to look 
around to see that no enemies were near. 
Others siy that a dog makes these turns in 
order to “pat his bed.” I think I have a 
better explanation. After a busy day of 
chasing autos, barking at the postman, tree- 
eats, and doing other helpful chores 
around the house, a dog prepares for his 
hard-earned rest with the thought, “Well, 
one good turn deserves another.’—M. C. B., 
Bronx, N. ¥. 


Ix connecnion with this discussion of why 
a dog makes several turns before lying down, 
I have noticed that my dog always turns 
counterclockwise. My theory is that the 
earth’s rotation is responsible, as all whirl- 
pools and revolving currents of air have a 
tendency to spin in this direction. If you 


| don’t believe it, watch the water leave the 
bath tub next ‘Saturday night—P. W. M, 
| Whitinsvitie, Mass. 
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if you’re in the money now... 


This new “Double-V” savings 


‘You're making more money today 
than ever before. Five years from 
bow you iy be doing sili berer.-- 
‘or making a lot less. Who can tell? 

Of course you'd like to save up 
now to take care of whatever the 
. But what's the 


that life insurance 
would do it—but you don't want to 
commit yourself to big life insurance 
remiums you might not be able to 
=p up five years from now. 
Union Central's new "Double-V” 
plan isthe anewer to your problem. 
ile to fit 1943, it will take care of 
the future tool 
If you are 35 for instance, and can 


plan is made to order for you! 


side only 5. 5 
{000.00 unit of the 
plan. Immediately you'll be in- 
sured for $5,000.00 —and look what 
you'll have five years from now! 


FIVE CHOICES FOR You 
AFTER FIVE YEARS! 


1, A40% slash in premium rate if you 
choose to have on ordinary life policy. 
From then on you pay much less than 
you'd be paying for on ordinary life 
Policy bought now! Or, 

2. A paid-up policy of $1300.00, good 
for the rest of your life, with no more 
premiums to poy ot all! Or, 

3. Extended insurance until you're 53 
years old, for the full $5,000.00 


without peyment of enother cent! Or, 
4. A $5,000.00 paid-up policy if you 
continue your savings of fifty-three 
‘cents @ doy for thirteen more yeors! 
Or, 

5. A retirement fund of $5,000.00 
plus accumulated dividends, if you 
continue your sovings of 53¢ a doy 
‘until you're 61 yeors old. 

This timely plan is guaranteed by 
The Union Central Life Insurance Com 
pony of Cincinnati, Ohio—a 76-year 
old firm with over $450,000,000 in 
essets. How this remarkable "Double- 


V" plan would work out in your case 
depends on your age and the amount 
For specific figures, 


you can save. 


== CLIP THIS COUPON ——— ee 
‘THE UNION CENTRAL LIFE INSURANCE COMPANY — CINCINNATI, OHIO: 


Please send complete details on “Double-V™ for me. Iwas born Month 


Day 


Year 


Name. Address 
City. eet Stare 
Please Print your name and addresn 
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NOW IT’S EASY TO LEARN 
ESSENTIALS OF 


SHOPWORK 


FOR WARTIME JOBS 


New Book Based on War Dept. 
Technical and Field Manuals 
Gives You Quick, Thorough 
Knowledge Needed NOW by 
Army Technicians, War Plants! 


IIS book contains the facts, 
short-cuts 


to help fit men 
‘vickly into Army aircraft con- 
struction work, ground forces 
ship's carpenter, services of 
supply, engineers, ete. war 
lant jobs; post-war future 


core, sharpening 
‘of tooth 


ingtool: 


Woodworking tech: 
Riquess joints, cuts, 
fishing, 


ows 
illustrations 


THE JOHN C. WINSTON Co. 


Rich Rewards 
in PLASTICS 


Majestic New 
Industry Unfolded 


Pa. 


in Plastics—tells of great opportun- 
ies “Now & Future.” Defense workers, farmers, execu 
tives, and men with their eyes to the future will want this 
‘wealth of new money-making inspiration and information. 
SEND NO MONEY 
Simply mail name and address and pay postman $2.00 plus 
‘mail c.o.d. and postage charge upon delivery. (25 extra in 
Canada) Return in ten days for refund if not fully satisfied, 
Simply write "Send Lougee’s book on trial.” giving 
name and address. Mail it today! You'll be glad you di 


PLASTICS INSTITUTE 


4 experimen 


221 NO. LA SALLE ST., DEPT. 


s-7 + cnicaco,wuNos 
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Four-Minute Brain Teaser 
Said To Be Soft 


Hens is a “quickie” in the brain-teaser de- 
partment. A boy has an equal number of 
brothers and sisters, 
while his sister has 
1% times as many 
brothers as she has 
sisters. How many 
sons and daughters 
are there in the 
family? This is so 
easy that if you 
can't figure it out 
inside of four min- 
utes, you should 


FOUR MINUTES 
“OR THIS! 


count your at~ 
tempts to solve it 
even if 


a failure 


An Excellent Poem 
—But Who Wrote It? 


Ix THe article on how the U.S. trains its 
aerial gunners to be “Flying Sharpshooters, 
in your April issue, there appears on page 118 
a poem titled “A Gunner’s Vow.” You may be 
interested to learn that this was written by a 
gunner in the Royal Canadian Air Force and 
was printed in our camp paper for August. 7, 
of last year. The poem was given to us by 
a flight lieutenant who in turn received it 
from the author. Unfortunately, however, we 
used only the author's initials in publishing 
the poem, and then destroyed the original 
copy. His initials are G. H. H. We thought 
you might be interested to have even this 
meager information—Group Captain A. R. 
Royal Canadian Air Force, Commanding 
No. 5 “M” Depot, Lachine, Quebec, Canada. 


I nave noticed in your April issue that the 
poem “A Gunner's Vow” is said to be by an 
unknown author. The author is Pvt. Bernard 
Baker, of Limestone, N. ¥. I am calling this 
to your attention because it is a good poem, 
and if it is worth printing at all I feel sure 
the author should get credit for it—Mrs. 
L. D. F., Limestone, N. ¥. 


UNTL things clear up a little more, the 
poem is still anonymous.—Ed. 
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7-DAY FREE TRIAL-SEND NO MONEY 
- quick, easy way to get 
MACHINIST raining 


MACHINE SHOP 
TRAINING COURSE 


fence in fundamen 


pon, practical 
Tested and're-tested for guick: learning. 


HUNDREDS OF EASY-TO-UNDERSTAND 
DRAWINGS — DIAGRAMS—BLUE PRINTS 


@ These volumes are profuse with illustra- 
tions, diagrams, charts, valuable tables, 


Re i 4 t is ar le i 
Ea eee AY TRIAL EXAMINATION 
tes 


“oceaet ‘SCHOOLS, Dept. F 
o"%4 | 4000 S. Figueroa St., Los Angeles, 


1 Be pace ones noe 2s 
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TODAY THERE ARE 
ONLY 3 WAYS 
YOU CAN WIN! 


RIGHT now 
beat he fo 


fered by 
PROOF in 
can have 
Yourselt 


2ARe “ONT 
You" CAN 


TERE, 
WAYS 


What do you want in the Next Six Months? 


Now? 


etter poniian? sbparentty uncontroliable forces 
tlom you have attained or to sud- 

only piace reater responsibility 

fn 'vour “shoulders. Sulllons 


fed by world. events. wi 


at 
WAYS You CAN 
tix months can be 
portant months i 
ite 


Las 
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ipibe'an Taveptor. it abown how Some Of so 

the simplest fdeas like the paper clip and clamped frult Jar 

nade huge fortunes, Mr. Yates gets you started by describing 

2100 nesded inventions—practicnl money-making a4 

thet are ‘crying to be Invented—each proup ne! 
Radios Electrical, Aviation. ‘Chemical, Also <d 

Inventions 0. S. nect 

wla'war. Order 2100, 

‘chat manufacturers want before vou 

Inventions! Special chapters Included on Us 

ideas! SEND NO MONEY. Ow delivery pay postinnn S200 pias 

GOR crerace: Money heck i'not sailsled. Order today'from 


ARTISTS MAKE MONEY 


Find out your ability. Send name, age, occupa 

Address for Free Vocational Art Tesi pon ane 

ART INSTRUCTION, INC., 7143 Art Instruction Bidg., ermal ‘Mina. 
(Formerly Federal Schosles ine 


ent thoroughly. 
School established 1874; 


fiteriny te: 
‘ti bpgiion. 
651, Chr 


MIU TSU 3 LESSONS] 


52'st., N.Y. 


puorocr Hom Eid Teel apse 


1aisMie 
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AVIATION 


FOR YOUR CAREER 
PLUS WAR SERVICE 


Wow 
IS THE TIME 


To PATENTs SELL 
YOUR INVENTION 


a the right time 
‘Because manu= 
facturers presently engaged in war production 
looking ahead to the future by buying up 

lent rights now, so they will have new and at- 
i to make and sell for 


AT THE SAME TIME 


Belore you are 18, MAKE YOURSELF THE KIND 

OF MAN THE AVIATION INDUSTRY OR THE 

‘AIR SERVICES WANT... THE KIND THEY 

CANNOT DO WITHOUT. so you can AD: 

VANCE RAPIDLY. Since 1929, Curtis Wrigh 

Tech has bor ising in modern and pr 
ive taining for Aeronautical Eng 


uring and after the 
‘smart thing for you to do 
to the future too. Protect your invention by 
applying for a patent now, so you will be in 
position to eash in on an outright sale, or on 
the royalties your invention will bring. 


“PATENT GUIDE” SHOWS WHAT TO DO 


Our Free “Patent Guide" contains complete 
Information about patent procedure, and how 
to sell inventions. Tt tells you how to find out 
Whether your invention is probably patentable 
What sepa to take in order to obtaln patent Dro- 
fection for your invention; how to arrange for 
the profitable sale of intion and. how 
necessary. Our 

gives many ilk 
sai \ =: of successful Inventions : how 


<URTISS 
TECHNICAL | 


WRIGHT 
INSTITUTE 


aren She Chicane, imple improvements on alr 


ENGINEERING 


i inventions proved to be lai 
‘Commercial successes ; contains cou! 
leas other items of vital interest 
all inventors including the illust 
‘tion of over 150 basic mechanical 

movements. With our. “Patent 


DEGREE IN 
27 MONTHS 


making 
re and establishing date 
‘our invention, 


TAKE FIRST STEP NOW 


jour free “Patent Guide” today. Re- 
member raction is important delay © may 
the coupon in an envelope or D' 
it"on ny. posteard NOW: 
CLARENCE "A. O'BRIEN & HARVEY B. JACOBSON 
fered Patent Attorneve 
32-G Adams Building, Washington. D.C. 


CLARENCE A.O'BRIEN 
£& HARVEY B. JACOBSON 


EARN MONEY Fomtmatts | socuserso une weros nurse pre one 


@ No previous training or talent neces- \dams Building, Washington, D. C. 
mary. Unique Stuart System teaches ou a 


by nal, in 20 simples easy-to-follow lee? Please send me your 48-Page “Patent Guide for the 
ons, t0 make excelent charconl and oll Inventor” and specially prepared "Record ot Taven- 
Iikenesses. Detailed guidance for sour tion” FREE. This request does not obligate me 
every step. ‘Send for free Book tasey 


jument Circle, Room 287, Indianapolis, Ind. Nam: 
‘Send me free book and outline of lessons. 


Address . 


Street 


city State. 
city _ state (Please write or print plainly) 
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YOU ARE UNDER ARREST!’ 


There’s a Thrill in Bringing a Crook 
to Justice Through Scientific 


CRIME DETECTION! 


Thave taught thousands this exciting, profitable, 
pleasant profession. Let me teach You, 100, im 


More GOOD JOBS in 


DRAFTING| 


im AIRCRAFT and other WAR INDUSTRIES | 
r, Calls for Draftsmen Are Increasing! . . 


Read the wantads for proof of thi urgent 
demand. The War Production program has 
increased the demand for Aireratt Draftemen, 

ry Machine Draftamen, Are 

tectural’ Draftamen, “‘Biee- 
trical Draftamen, and Struc: 
tural Draftemen. The 

Draftsman always. comes 

fst gn any new proseet it | 

manufacturing and tedus- | 

Tyepenee ot warime. | INSTITUTE OF APPLIED SCIENCE 

no airpianes construct. | 1920Sunnyside Ave.,D. 136, Chi 
‘bridges or buldings | —— oo 
Srécted, no ships or aubma= XPERT 


r BECO! 
rines launched until the draftsman has completed his work. | 
With our easy step-by-step lessons, (and the tools we | 
); you can learn in your spare’ time at home. Can- 
crms. ‘To prove to you how easy it is to learn 
sGbleako, Tech Method, we'll send. you a | 


i cost. 


‘Send a post card of the coupon now 


LPs | tse EN Gomespendence institstion’ 
| ee iE rasBe an ARTIS a 
i ie | | SRS Eerie 


ou CA RTOON $s] 
SS cegatertys 


| @ WINDOW SIGN LETTERS 


For Store Pronts and Office Windows. Anyone 


Get In at the Start—and Grow them on. Free Samples, Liberal Offer to ge 


Sra amt ad ddr fe fee dtl 


ties are 
ge the, Service x "epee 
Marine, Siznal Corps, ete. Opportunities? Nearly 
TE everything, from homes to clothing, from gadgets Fits ane haar 
J) to°toots, wil be: affected by Pla Ectihee ae 


| Spare Time Training Now Ready Be 


| The time to get started is now. You can prepare 
at home, in your spare time, to take your place 
an infant industry that even now is leaping 
A new, practical training plat 
ie your ambi 
"Act now. 


Serviee—Aireraft, Ordnanee, Chemical, 


work, ete. for Dene 
Ney Anita aan 


Fun as high as 450.100, weskiy after few weeks 
gh, ical cor churooeiyeuay te, yoo furl, cpl 
‘beeded, to foods to buy. 4Tth year, Write for tree 


| Sterbense Sytem ef Fet Cureton, G2 Buck Bayr Deven, Mam, 


in 
feat Encineering [ Betiness Management 
‘Radio C) High School Course’ 


Just as plastics are vital to modern transportation— 
in streamlined cars and trains, fighting planes and 
future air taxis, PT boats and cargo carriers—so also 
a knowledge of plastics can be vital to you... and 
can take you farther and faster in your chosen career. 


There is a tremendous demand for men and women 


CHOOSE YOUR INDUSTRY 
WHEN YOU KNOW PLASTICS 
n 


Get into this new, fast-growing field= 


‘reused spare time poy big 
{ew hours each week to enjoyable home 


trained in this exciting new giant industry... The 
future is so vast that some predictions seem exag- 
gerated—almost fantastic—but the fact remains that 
plastics are already important parts of many major 
industries. 


GOOD JOBS NOW and at WAR'S END 


al, growing war industry, plastics look forward 
ime developments of unlimited scope. These new 


‘of communication, When the war is over and competition 
for jobs is really keen again, will you be all ready to go 
ahead with an industry that’s really going places? Wi 
you have the knowledge that employers want—the trai 
for a big-time career in plastics? 


your prevent work 

the righe 

your ee 
Simp! 


NOW IS THE TIME TO ACT 


YOU CAN LEARN AT HOME EASILY 


Few subjects are so well suited to home study at 
plastics. The PlssicsTnteute course veils you all, 
Sout plastic mate 

‘hem—design~ molding =f 
‘of other subjects... how to capi 


READ WHAT STUDENTS SAY 


1220-0 Chanin Bldg. 
~ ‘New York 


Gentlemen: 


lease send me the book let "World of Plastics” and information 
on your training program. I understand there is absolutely no obligation, 


Find out how the Planics Insitute can help YOU. 
Mail the coupon for your copy ofthe large FREE 
hoaklee "World of Plawicn” I it crammed with 
valuable information about plastics, tells about 
the new plastic airplanes and other uses for this 


INDUSTRIES TECHNICAL INSTITUTE 


(626-D LeSolle-Wacker Bldg. 


194 So. Alvarado St. 


Chicago Los Angeles 


MAIL COUPON FOR FREE BOOK 


Plastics Industries Technical Institute Dept. 7 
=>. 1 626-D La Salle-Wacker Bldg., Chicago 
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SEE MILES AWAY! 
5-POWER TELESCOPE 


Increased production 
means 
MORE JOBS for MACHINISTS 


and bigger pay for men who know their work 
Thin, big home-study and reference course ives you the 20 DAY FREE TRIAL OFFER 
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Trict ELECTRICAL REFERENCE BOOKS 
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~ : ee 
| |, Pair ted operate elecet- 
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You, regardiess of what Jiu Jitsu methods 

they may know. 61 illustrations 

Bock No, 4. The Masterpiece a” book with 108 
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AVIATION WantsMore 
LINCOLN 


Send $1 today for 
SPECIAL INTRODUCTORY OFFER 4 


and Save! 


LINCOLN 
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10 teachers mode 

Linguaphone Home-Study Courses in 29 languages: 
RUSSIAN JAPANESE SPANISH 
PORTUGUESE FRENCH. GERMAN 
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#8 RCA Building, New York © Tel. Circle 7-0830 
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‘PERISCOPE ON THE 
STARBOARO QUARTER! 
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The secret of the destroyer's great speed and 
maneurerability is the tremendous power of its 
turbines ting at steam temperatures high 
enough to make the turbine blades glow! 


in turbine 
metal parts 
he metallic grains slowly 
slide over each other. The metal tends to flow 
out of shape. 


This introduces a difficult prob 


Exce would quickly destroy the 
turbine—due to collision between the blades and 
other parts of the turbine, which are spaced only 
a fraction of an inch apart for maximum power. 
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cstinghouse first introduced the steam tur- 
in the United States and has built thousands 
ing the past 43 years. And much of the sue- 
cess of Westinghouse steam turbines is due to the 
ensive study of “creep” by scientists in the 
Westinghouse Research Laboratories. 


As a result of the “know how” gained 
through this research, the “creep” in 
some turbine metals has been reduced to 
1/10.000th of an inch per inch per year— 
less than 1/64th inch per inch in 100 years. 


‘This has guided the development of metals 
capable of operating at greatly increased temper- 
atures and speeds—and secured more power per 
pound of turbine, a vital necessity in a destroyer! 


Westinghouse Electrie & Manufacturing Co., 
Pittsburgh, Pennsylvania. 
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that Becision Bombing Failed ? 


By WILLIAM S. FRIEDMAN 
Drawings by Eric Sloane 


"HE day after a combined task force of 

Boeing Flying Fortresses and Consoli- 
dated Liberators put the German sub base 
at Vegesack out of action for a season, Gen- 
eral Ira Eaker, commander of the Eighth 
U.S. Air Force, told American and British 
journalists that the experimental phase of 
high-altitude bombing had been concluded 
and that the business of crippling the Axis 
within its own preserves was beginning as 
of that day and in full earnest. 


‘The facts that he made public made cer- 
tain critics of daylight, high-altitude bom 
ing in both England and the United States 
look very foolish, The high-flying Yankees 
had been feeling their way along slowly since 
last July. The force had been small and 
the outside opinion had been that the B-24 
and B-17 class had been stymied in the Brit- 
ish Isles, venturing out only on an occasion- 
al raid under nearly ideal conditions. 

What the critics of the high-altitude, day- 
bombing technique had failed to tell the pub- 
lic was that they were comparing the over- 
all results of a full fleet of British four-en- 


Out of the fog of uninformed criticism comes an authoritative appraisal 
of the part our Liberators and Fortresses are taking-in the-around-the-~—— 
clock pounding that is softening up Hitler's European citadel. 


EARLY MORNING iis the best time far Ic-favel otfacks by light bombers such as the Doi 
Havoc, and by bomb-carrying fighters, Radio locators can't pi 


gined, all-altitude night bombers with a 
handful of our four-engined machines. Un- 
fortunately, neither Britain nor the United 
States could have corrected this publicly up 
to this point without telling the enemy what 
they wanted to know about the disposition 
of aircraft. 

Now that the score is about to be evened, 
facts concerning the relative merits of day 
and night bombing can be told. 

‘Those who argue that one or another kind 
of bombing should be engaged in exclusively 
might well go back to military kindergarten. 


AFTERNOON, when the sun hos dri 
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id the air, brin 
ion work with the automatic 


los A-20 
‘them up at more than about 30 miles 


‘The basis for the United Nations system of 
bombing the Continent by day as well as by 
night is to saturate the enemy's defenses— 
keep him on guard without respite at all 
posts, Crews that man listening posts on 
the French north coast cannot be used to 
attack villages in Russia. Pilots who have 
to spend nights half awake in dispersal huts 
in the defenses of the Ruhr cannot be used 
in North Africa. 

This projected system of keeping the ene- 
my on constant alert requires all kinds of 
equipment, as no particular technique of at- 


the Consolidated Libarators and Bosing Flying 


mbsight, more than 70% accurate at 35,000 feet 
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SUNRISE TO NOON is most favorable for the two-engined mediums 
Marauder). They find o foirly safe level between the top of the 


tack will answer for all purposes at all times. 

There is an axiom among the commanders 
who man the flight deck of the unsinkable 
carrier which is England. It is that the 
day after 150 target areas in Germany and 
occupied Europe have been flattened will be 
the day of invasion. There are, however, a 
lot of things that have to be accomplished 
first. Expert estimates put the number of 
planes required to complete the job at 6,000 
in the four-engined class -2,500 British 
heavies in the Halifax-Sticling-Lancaster 
class and 3,500 of our Liberators and Flying 


— 4) HIGH RANGE BURSTS 


\ LOW RANGE FIRE 


Amorican Mitchell, Martin 
flak ond fuse limit of big stuff 
Fortresses. The modifying condition is that 
these ships shall complete their obliteration 
job in 90 days, so that all of these targets 
shall be out at the same time. 

This prodigious job requires operation 
around the clock. Over-all 25% losses suf- 
fered by the British in daylight operations 
with heavies prove conclusively that flying 
these ships within the range of antiaircraft 
is an exorbitant expenditure of aircraft. That 
leaves the job of daylight bombing to air- 
craft capable of operating up out of the flak. 

Daytime operation of our four-engined 


NIGHT belongs to the British Lancosters, Stirlings, and Holifaxes, winged TNT trucks that blast whole 
‘areas with pattern bombing, dropping their four-ton block busters on signal from the formation leader 
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ships in the high-level 
zone stacks up perfectly 
with the classic Clausewitz 
principle of exposing one’s 
strong point to the enemy's 
weak one. Our forte is 
high-altitude precision 
bombing. Our automatic 
bombsight has proved it- | 
self to be 70% accurate— | 
better than most ordnance 
operating under the same 
conditions. 

Consider the advantage 
it has over enemy ground 
installations. Once the 
ship has attained its serv- 
ice ceiling, it is practically 
immune to direct antiair- 
craft fire from the ground. 
Interceptor planes operat- 
ing at that altitude have 
to struggle to stay on the 
wing. For the most part, 
the bombers are attack- 
ing a fixed target. They 
are sure that gravity will 
take their missile to the 
target level. Their job is 
merely to get the bomb onto the target. 
‘The poor antiaircraft gunner has to shoot 
against the pull of gravity at a target that 
is all but invisible, moving at 300 m.p.h. 

Any school of gunnery will teach a man 
that one blowgun that hits is better than a 
16-inch cannon that misses. The precision 
bombers can hit what they want about three 
quarters of the time. Those who think that 
a near miss by a block buster is as good as 
a direct hit by a bomb a third its size should 
look at the target maps. Most of the things 
we need to destroy are heavily defended pin- 
points. They have to be laid open by day 
and thoroughly crippled by precision day- 
light bombing, then obliterated by area 
bombing at night. 

It should also be noted that night offers 
no immunity to the raider, either from anti- 
aireraft or from defending planes. Airplane 
detection is an electronic, not a visual proc- 
ess, and detecting devices are mounted on 
defending aircraft as well as on the ground. 
Darkness merely cuts down the percentage 
—and not to any great degree, as indicated 
by the recent figures showing that daylight 
losses stiffered by the Fortresses and Libera- 
tors were less per raid and about equal per 
ton of explosive carried over target than 
losses of the night-operated heavies. 

‘This is not meant to reflect on the Lan- 
casters, Halifaxes, and Stirlings, but merely 
to indicate that no one type of bombing is 
the whole answer. Winston Churchill said, 
“We shall bomb them by day as well as by 
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DAY BOMBING NIGHT BOMBING 


It tokes three times as much explo- 

sive to destroy a given target with 

- ight bombing os with pre: 

ion day work. Day bombers con pick 
I apot: 

must cover the entire area wi 

to cccomplish the some mission 


night.” This takes a great 
variety of equipment and 
application. 

While there are many 
phases of the problem of 
bombardment which may 
not be discussed publicly 
at this time—formations 
both offensive and defen- 
sive, and exact methods of 
sighting and operation— 
nevertheless, the general 
purpose and procedure and 
the equipment to be used 
by the United Nations are 
fairly plain. Contrary to 
some opinions, the ulti- 
mate plan is clear; the 
equipment is being mus- 
tered and placed on the fly- 
ing line. The operations 
now in progress are, in ef- 
fect, holding the enemy 
open for the inevitable 
“Sunday punch." When 
the time comes, it will 
mean hitting Hitler at all 
hours, in every weather, 
from altitudes of 50 feet 
to 40,000 feet, day and night and from all 
angles. The sleepless defenses, ready to 
snap under months of tension, will be only 
partly efficient. History will write the rest. 

Starting from the ground, the low-level 
or zero-altitude bombing pokes rapier-like 
fingers at weak spots in the enemy's armor. 
All kinds of equipment take part in this 
type of operation. Douglas A-20's, the swift 
near-pursuit-speed Havocs, will sweep over 
the Channel at altitudes of 100 feet or les: 
carrying delayed-action bombs. Airplane- 
detection devices do not work with efficiency 
against minimum-altitude bombardment at- 
tack. 

‘The low-altitude attack puts the de- 
fenders at another clear disadvantage. It 
is difficult to depress the antiaircraft guns to 
the shallow angle required to fire at this 
low, fast-moving target. Larger ordnance is 
useless, and the 20- and 40-mm. ground in- 
stallations have a singularly bad record 
against this type of attack. Life for the 
low-level bomber crew is not all play, either. 
In the first place, navigation and target lo- 
cation are incredibly difficult. The terrain, 
at 100 feet at 300 m.p.h. is pretty blurred, 
and it can get very (Continued on page 202) 
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night raiders 


BOMBER OF THE FUTURE? No present- 
day bomber is o perfect all-sround ship. 
No one can say just how tomorrow's planes 
will look, but here is on artist's concep- 
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BOAT PILOTING is 
greatly expedited by 
the compactness of 
this control board in- 
stalled on a Missis- 
sippi River tug. Most 
novel feature of the 
board is the light- 
signal system which 
conveys to the en- 
gine room the pilot's 
instructions on oper- 
ation of the three en- 
gines. The pilot sets 
the white-handled le- 
vers opposite certain 
slots on the board's 
surface, which light 
up to indicate the de- 
sired operation—and 
then go out when the 
engine room has 
complied with the 
signals. 


A “SEASICKNESS MACHINE has been de- 
veloped by General Electric for laboratory test- 
ing of naval equipment under simulated seagoing 
conditions, Known as the Scorsby tester, the 
machine pitches and rolls in realistic style, and 
subjects the equipment being tested to all the 
ups and downs usually experienced by warships 
plowing through heavy seas. 
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The triple-screw “Sohioan,” 
the Mississippi River tow- 
boat on which the new pilot 
board hos been installed. 
The boat was built for the 
Standard Oil Co, of Ohio 


“DE LUXE” LIFE RAFTS now being is- 
sued by the Navy are the last word in 
comfort for castaways. Fittings include 
portable mast and rigging, colored sails 
for better visibility, radio, smoke sig- 
nals, and a canvas shelter for protec- 
tion against the sun. 
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eerel Rocket Weapons Blast 


Buck Rogers’ world comes true as 
warring powers devise self-pro- 
pelled projectiles, fearsome-looking 
multiple launchers, and take-off 
boosters for aircraft. 


By LEONARD ENGEL 


OCKET weapons, a genuine “secret de- 
velopment” of the present war, are 
playing an increasingly important réle 

in military operations. Devices based on 
the rocket principle are in use to discharge 
projectiles, to trap and disable raiding air- 
craft, to increase the striking power of 
bombs, and to produce an extra take-off 
boost for planes carrying an overload of 
fuel or explosive 

It is a safe bet that every major military 
power is experimenting with rocket devices, 
although all of them regard the work as 
highly secret. Russia, Great Britain, and 
Germany are definitely known to have rock- 
et arms in service, and the success of these 
weapons proves that the rocket principle 
has made a striking come-back from a 
position of relative scientific obscurity. 

Rocket design has fascinated experimen- 
tal scientists for centuries, and rocket weap- 
ons in war probably antedate guns them- 
selves. But the rocket as a military arm 
went into a rather complete eclipse around 
the time of our Civil War. During the First 
World War, for instance, rockets were used 
only on a limited scale for signaling and 
other unspectacular purposes. 

‘After the war, however, improvements in 
the design of casings and fuel led to a 


HOW A ROCKET GUN DIFFERS FROM A REGULAR CANNON 


RIFLING WEARS FAST 


CONVENTIONAL SHELL GUN 
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revival of interest in the rocket’s military 
possibilities, and before 1939 it was known 
that most of the major armies of Europe 


were experimenting with the idea on a 
small scale. War speeded the process up 
in both the Axis and Allied camps, and now 
various types of arms based on the rocket 
principle are in use on many major battle 
fronts. 

Although German propagandists, from 
Hitler down, have talked a lot about “secret 
weapons,” the United Nations appear to 
have a commanding lead in this new phase 
of the armament race. 

Since the summer of 1940 Britain has set 
aerial traps for low-flying planes with the 
PAC, a rocket device which carries aloft 
@ parachute and a trailing steel cable. 
Another British weapon discharges ten ex- 
plosive rockets simultaneously at raiding 
aircraft. 

Soviet Russia uses at least four rocket 
arms: rocket bombs dropped by the Stormo- 
vik ground-attack planes; a rocket gun 
mounted aboard aircraft; a cable-trailing 
device similar to the British PAC, and a 
fearsome-looking instrument which can 
discharge 30 explosive rockets at a time 
at enemy tanks. The Germans are known 
to have two rocket weapons in use, a 
rocket bomb copied from the Russian model 
and a quick-firing rocket weapon, some- 
times, apparently erroneously, referred to 
as a “mortar,” with six 6-inch barrels. 

Rockets have found other uses, notably 
in assisting planes to take off with heavy 
overloads or from cramped spaces. The 
RAF’s Catafighter plane, carried on mer- 
chant ships as protection against long- 
range German bombers, is launched from 
the deck by rocket power rather than by 
a catapult. 
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Rocket take-off boosters are used by 
the Nazi Luftwaffe on a small scale to 
help overloaded Junkers 88's and Hein- 
kel 111-K’s to get off the ground, and 
are in an advanced state of develop- 
ment in other air forces. In addition, 
the rocket principle, as applied to rock- 
et-type engine-exhaust jets, is em- 
ployed to add to the speed of several 
of the most recent pursuit planes. 

The rocket obviously possesses an 
inherent advantage that no gun can 
match. Since it drives itself along, no 
extreme power explosion is needed to 
send it off, the tube or discharging 
mechanism is not called on to stand 
sudden violent pressure, nor is there 
a sharp recoil requiring elaborate com- 
pensating mechanism. 

‘Therefore, rockets can be fired from 
lightweight tubes mounted on relative- 
ly flimsy firing platforms. As a re- 
sult, such a weapon as the Russian 
30-barreled gun, which would be an 
unworkable monstrosity in terms of 
regular artillery, becomes entirely pri 
tical. And rocket weapons provide the 
equivalent of heavy-caliber cannon 
mounted in airplanes, as well as port- 
able “one-man” field artillery. 

The rocket is one of the very oldest 
devices built upon the power of explo- 
sives. It was invented in China in the 
early part of the thirteenth century 
and introduced in Europe soon after- 
ward, whereas the gun probably was 
not invented until the fourteenth cen- 
tury. 

Nevertheless, the rocket as a military 
weapon has never enjoyed more than 
occasional popularity, mainly because 
it was more complicated to make and 


WHAT MAKES A ROCKET GO 
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tonks with armor-piercing force. Car- 
ried on rails under the wings, they 
‘re cimed by diving the plane at the 
target. When on electric spark sets 
off the propelling charge, the, bomb 
slides off olong the rails and se 
its mork in on olmost straight line 
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control than gun projectiles, And until 
now, at any rate, rocket projectors have 
been shorter-ranged and far less accurate 
than guns. The most notable historical 
success achieved with rockets was at the 
siege of Copenhagen in 1807, when Con- 
greve rockets, developed in England dur- 
ing the Napoleonic Wars, were used to burn 
the city out and force its surrender. In 
that bombardment the rockets were used 
in much the same systematic way that a 
modern commander who had control of the 
air could use incendiary bombs to destroy 
an enemy city. 

Rockets of today fall into two classes, 
solid-fuel and liquid-fuel. In either case, 
the fuel is a “lazy” explosive which drives 
the rocket by the reaction principle, akin 
to the firing and recoil of a gun. When 
the charge inside a rocket is fired, the gases 
generated exert equal pressure in all di- 
rections. Gases pressing backward, how- 
ever, are permitted to escape by one or 
more nozzles. In a gun they escape by driv- 
ing the bullet through the barrel. The 
only “escape” for the gases pressing for- 
ward in the rocket is to drive the rocket 
itself ahead. Similarly, the backward- 
pressing gases in a gun cause the gun to 
recoil. 

The principal difference between a rocket 
and a gun is that action and reaction take 
place inside the projectile in the case of the 
rocket, and outside it in the case of the gun. 
‘The belief that the rocket is propelled by 
the “push” of the gas jet against the air is 
erroneous. 
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The military projectile rockets now in 
use are all of the solid-fuel type, like the 
traditional skyrocket. Liquid fuels do not 
lend themselves to preloading, an essential 
of operations on the battlefield. 

At least three solid explosives have been 
employed with success. England uses cor- 
dite with an admixture of starch as a “de- 
terrent” to keep the burning rate within 
rocket limits. Prof, Robert H. Goddard, dean 
of American rocketry, carried out succe: 
ful experiments with nitrocellulose (smoke- 
less powder) fuel during the last war. And 
the German six-barreled weapon fires rock- 
ets powered with gunpowder. The German 
mortar weapon is packed with gunpowder 
wafers, solid wafers toward the head and 
doughnut wafers toward the tail, with loose 
powder filling the hole in the column of 
doughnuts. When fired, the loose powder 
flash-burns at once, producing a high ini- 
tial thrust and acceleration. 

As a general rule, rocket projectiles 
weigh about a third more than standard 
shells of the same caliber, for they must 
carry not only driving and bursting charges, 
but ‘also the weight of the heavily rein- 
forced combustion chamber, whereas the 
shell has to carry only a bursting charge. 
Even so, the shell would generally have the 
larger bursting charge. For example, a 
three-inch shell weighs 13 to 15 pounds and 
has a bursting charge of about two pounds 
of high explosive; a three-inch rocket 
would weigh perhaps 20 pounds, but its 
bursting charge would be little more than 
a pound. 
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If smokeless powder 
is the fuel, rockets 
such as these can easi- 
ly attain velocities of 
2,000 feet per second 
in a mile of flight— 
greater than any but 
the very best high-ve- 
locity guns can deliver 
at that distance. The 
20-pound rocket would 
require about eight 
pounds of nitrocellu- 
lose with a deterrent, 
or a six-pound charge 
if no deterrent were 
used, but then the time 
of combustion would be 
much shorter and the 
combustion chamber 
would have to be much 
heavier. Black powder, 
which has only half the 
power of smokeless, is 
not powerful enough to 
reach the  2,000-foot 
velocity, but it can reach 1,500 feet per sec- 
ond at a mile. 

In view of the relative inaccuracy of 
rockets, a range of two miles is considered 
fairly long. The German weapon, however, 
by using a small rocket—50 pounds as com- 
pared with 95 pounds for the standard six- 
inch shell—and sacrificing much of the nor- 
mal bursting charge, has an observed range 
of 6,000 yards (314 miles). 

Russia is the only nation known to have 
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MULTIPLE PROJECTORS, anotiicr Russion 
development, fice 20 or 30 shells of onc 
Scattering like shotgun pellets, the :'f- 
propelled projectiles make a pattern that 
@ tonk con hardly dodge. Such o weapon 
for ordinary shells would be much too heavy 


TAKE-OFF ASSISTERS ore employed by 
the Germans to help lift heavily ioaded 
bombers off the ground. Rows of large roc'- 
et cortridges attached to the body of the 
plane ore discharged af the right mome 
Aft take-off, the device is droppe 


succeeded in taking advantage of the light 
weight and absence of recoil of rocket ap- 
paratus in order to place large-caliber weap- 


ons aboard planes, Such experiments, 
however, are unquestionably under way in 
other countries. The machine guns and 
light cannon which are now standard on 
aircraft are adequate for attacking other 
aircraft. But 37-mm. guns (the largest 
air cannon) are not powerful enough for 
attacking ground targets, a function of in- 
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creasing importance for planes. Larger 
guns of conventional type, however, are im- 
practical because of their weight. 

The rocket’s inaccuracy has several 
causes. The most troublesome is the fact 
that no two fuel charges are exactly alike 
in burning rate, or time, or power delivered 
(thrust) from second to second. Even mi- 
nor differences here make a considerable 
difference in the point where the rocket 
will land, because these differences are act- 
ing over @ considerable period of time. Sec- 
ond, the center of gravity shifts as the fuel 
is consumed, changing the rocket's ballistic 
characteristics. Third, as long as the fuel 
lasts (from two to five seconds in most 
cases, the rocket traveling on its momentum 
the rest of the way just like a bullet), the 
ejected gases build up a high-pressure area 
immediately behind the rocket. Once the 
fuel is gone, however, the high-pressure 
area is replaced by the partial vacuum 
which follows the ordinary projectile. Nat- 
urally, this change has a decided effect on 
the trajectory. 

Some day, perhaps soon, rocket charges 
will be identical and scientists will be able 
to work out correction tables for the other 
factors, Then the rocket will be as accur- 
ate as the gun. But in the meantime “clus. 
ter” weapons, such as the German weapon, 
the Soviet antitank “battery,” and the 
English AA rocket device, are effective 
Precision of fire is hardly required to hit 
even a rapidly moving tank with one or 
more of the 30 rockets the Soviet weapon 
discharges. 

Inaccurate as it is, the rocket has al- 
ready added measurably to the accuracy of 
one arm—the ground-attack bombers. The 
oldest of the current series of rocket devices, 
aside from PAC, is the rocket bomb. Stor- 
movik planes used them effectively in No- 
vember 1941 to help repulse the final Nazi 
assault on Moscow. 

‘The rocket bomb is 
nothing more than an 
ordinary bomb with 
a small combustion | 
chamber and charge 
in its tail. ‘The pur- 
pose is to add to the 
bomb's velocity, there- 
by increasing its im- 
pact and penetrating 
power, which vary as 
the square of the ve- 
locity, and adding to 
the bombardier's ac- 
curacy by flattening 
the bomb's trajectory 
and cutting its flight 
time. ‘The first Rus- 
sian rocket bomb, a 
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IGNITION 


(a Ligue oxveen] 


SIMPLE ROCKET MOTOR OPERATING ON LIQUID 
FUEL AND LIQUID OXYGEN. 

FASTENEO UNDER WINGS OR FUSELAGE OF 
PLANE, IT CAN BE USED TO ASSIST TAKE-OFFS 
‘OR FOR BURSTS OF SPEED IN COMBAT 


ROCKET MOTORS hove great possibilities 


220-pounder, accomplished this purpose 
with an 11-pound charge of black powder 
fired in a combustion chamber weighing 
about 25 pounds. 

Dropped from a plane traveling at 200 
miles an hour at 1,000 feet, a conventional 
220-pound bomb will reach its target in 
three seconds with an impact velocity of 
about 375 feet per second. One of the Sov- 
fet missiles, however, would reach the tar- 
get in 2.1 seconds with a velocity of more 
than 650 feet per second, and with impact 
more than three times as great. The rocket 
bomb would require an unnecessarily large 
charge to exceed the terminal velocity of 
the free-falling bomb (about 900 feet per 
second); hence, it is not used for high-alti- 
tude bombs. But it doubles the effective- 
ness of the dive bomber and ground-attack 
craft. 

In the years between this and the last 
war, rocket experiments were carried on 
principally by private individuals. Later 
some of these men banded together in na- 
tional societies, of which the German Rock- 
et Society, founded 1927, the oldest, and the 
American Rocket Society are the best 
known. By and large, they were not inter- 
ested in rocket projectiles. Their attention 
was centered rather on high-altitude rocket 
flight, with passenger-carrying stratoships 
and even interplanetary “space ships” as 
their ultimate goals. Since solid fuels 
proved unsuited to their objects, they be- 
gan to develop liquid fuels, notably the 
liquid oxygen-gasoline (pioneered by Dr. 
Goddard) and lquid oxygen-alcohol, Al- 
though neither will ever send a space ship 
to the moon or even from New York to 
Berlin, they will undoubtedly be of great 
use in the near future in sending aloft me- 
teorological rockets, one of the most impor- 
tant potential uses of the rocket. They also 
have great possibilities for assisted take- 
offs in commercial- 
airline operations. 
Even before the war 
began, considerable 
work along this line 
had been done. In 
most countries, the 
favored practice was 
to build the fuel tanks, 
combustion chamber, 
and nozzles into the 
trailing edge of the 
aircraft's wings. 

Liquid-oxygen fuels, 
however, are imprac- 
tical for military op- 
erations. Germany has 
abandoned the liquid- 
fuel idea altogether 
for the time being. 


LIQUID OXYGEN 
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INE glasslike films of less than .000002- 
F inch thickness have now been developed 
to provide faithful replicas of the micro- 
scopic structures of metal and other opaque 
surfaces for study with the electron micro- 
scope. They are evaporated onto matrices of 
polystyrene plastic which have been molded 
under 2,000 to 3,000 pounds pressure. 
‘This unique method of electron microgra- 
phy is the result of research by scientists for 
The Dow Chemical Company, of Midland, 
‘Mich., who sought an improvement over the 


Electron micrograph at 15,000 diameters of a 
piece of steel scratched by levigated alumina 
on a chamois wheel. The grooves appear light 


Plane of cleavage of a calcite crystal that 


was deformed during molding. Glide packets 
can be seen clearly here at 15,000 diameters 
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uperthin Films Show Surface Structures 


use of natural surface films produced chemi- 
cally, and plastic-lacquer films that were apt 
to smooth out because of surface tension and 
contraction. They found polystyrene ideal 
for taking negative impressions beause of 
its dimensional stability, chemical inertness, 
and moldability. A matrix of this plastic is 
placed in an evaporation chamber where 
high-purity silica is evaporated on it from 
a hot filament, When hardened, the silica 
film, bearing the positive impression, is re- 
moved by the use of ethyl bromide solvent. 


diameters. This three-dimensional effect 
shows the formation of pearlitic structure 


Ihese Are 


the 


Badges of Courage 


Our soldiers and sailors now may 
win seventeen new decorations and 
service medals—all adopted since 
the war emergency. Popular Science 
Monthly presents these new honors, 
and the principal older ones. 


By BERNARD WOLF 
Photographs by ROBERT F. SMITH 


IN THE eventful months since Sept. 8, 1939, 

when President Roosevelt declared a state 
of national emergency to exist, no less than 
17 new medals and ribbons have been au- 
thorized for award by the President or high 
officials of the armed forces. Today service 
men, many of them back from combat duty 
in foreign theaters of war, are beginning 
to appear on the streets of our towns and 
cities with bright new ribbons displayed on 
their chests, each one of them telling a 
story about its wearer, if you can interpret 
its meaning. 

Two of the new decorations—the Legion 
of Merit and the Air Medal—were created 
for the personnel of both armed services. 
‘The Legion of Merit will also be given to the 
military personnel of friendly foreign na- 
tions. A series of service medals, including 
the American Defense Service Medal, the 


Army of Occupation of Germany (1918- 
1923) Medal, and the campaign 
medals for the three theaters Con 


of the global war—American, 
European-African-Middle East- 
ern, and Asiatic-Pacific—was 
also designed for both the Army 
and the Navy. Further, the 
Navy adopted for its own use 
two established Army decora- 
tions, the Silver Star and the 
Purple Heart, and authorized 
one new medal, the Navy and 
Marine Corps Medal (design 
not yet approved) for its own 
branches. The Army  estab- 
Ushed a Good Conduct Medal to 
round out its list of awards for 


counterpart of the Legion of Merit and, for 
the first time in history, two more awards 
intended specifically for merchant seamen, 
the Merchant Marine Distinguished Service 
Medal and the Torpedoed Seaman Bar. Two 
other unique awards have also been set up 
recently: the Army's Organization Blue 
Unit Citation and the Navy's Presidential 
Unit Citation, each a ribbon which denotes 
that the wearer belongs to some unit of the 
armed forces which has been twice cited by 
the President. These devices approximate 
in function the Fourragére, the famous 
braided shoulder cord awarded by the 
French to members of all U.S. Army or- 
ganizations cited in World War I. 

‘The marks of honor worn by members of 
our armed forces fall into two chief cate- 
gories. Decorations, properly speaking, are 
awards for outstanding heroism or valor, 
both combat and noncombat, or for ex- 
tremely valuable and meritorious service. 
Service medals, on the other hand, are in- 
tended to show that the recipients have par- 
ticipated in particular campaigns, whatever 
their roles may have been. In order to con- 
serve critical metals, several of the new 
medals will not be issued for the duration, 
only the appropriate ribbons being given. 

Some of the new decorations and service 
medals represent radical departures from 
tradition. The Legion of Merit, for example, 
is the first medal issued in different rank- 
ings. It has been designed in four degrees 
—those of Chief Commander, Commander, 
Officer, and Legionnaire. 


you identify these medals and ribbons? 


Every one on this page was issued since 
1939. Following pages show older decorations. 


its own personnel. 


Finally, Congress authorized 


a Medal for Merit (design not 
yet approved) as the civilian 


56 


ASIATIC-PACIFIC 


AMERICAN EUROPE-AFRICA 
THEATER MIDDLE EAST 


THEATER 
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NEW MEDALS 


MEDAL FOR MERIT. For 
civilions of United Notions 
ond friendly powers. Only 
the ribbon hes been issued. 


LEGION OF MERIT. 
‘ewarded to 


rmed forces for 
Shown of the 
left is Legionnoire medal; higher 
degrees ore lorger in size. Except 
‘on dress occasions, ribbons (above) 
‘are worn in place of medals. 


Novy and Marine Corps 
‘Medol, for which only the 
ribbon has been issued. For 
heroism not involving combat. 


Presidentiol Unit Citation, for 
Novy units twice cited. An 
‘American counterpart of the 


AIR MEDAL 
ment no! meriting the Dis: 
tinguished Flying Cross. Any 
bronch of armed services 


ARMY OF OCCUPATION OF 
GERMANY. For ser oc: 
cupotion ofter World Wor |. 


Organizotion Blue Unit Cito- 
tion, for Army units twice 
for ovtstandi 


Evrope-Africa-Middle East 


Theoter Campaign Medals GOOD CONDUCT. For Army AMERICAN DEFENSE. For 
indicote presence on active enlisted men who complete active service in Army or 


three years of active service Novy between Sept. 8, 1939, 
ond ore recommended. cond Dec. 7, 1941, 


duty, Bronze st 


a 


ARMY _& NAVY DECORATIONS 


SILVER STAR. For gallantry PURPLE HEART. For wound 
in action while serving in ony received in action, Revoly: 

Hionory honor revived by | | 
‘Army in 1982. Adopted by tha Army in 1932; Navy, 1942 | 
Navy in 1942, | 


CONGRESSIONAL MEDAL OF 
HONOR (1917-18) This version 
of the Navy's highest award, for 
gallantry in action, 1s no longer 
issued 


DISTINGUISHED FLYING MERCHANT MARINE Di 
CROSS. For heroism in the tinguished Service Medal 
ir, Limited to flyers of Army, Authorized this year For 
Navy, and Marine Corps. heroism on service in sub- 


Authorized in 1926. mori 


atested waters. NAVY CROSS. Authorized in 1919 


‘nd ranking next to the Medal 


TORSO SEAN EA of Honor Goes to Navy, Marine 
‘or Merc rine persea- Corps, ond Coast Guard men for 
nel. One silver stor for each extraordinary heroism 


| torpedoing survived. 


AND DECORATIONS OF THE NAVY lee 


RIBBONS ARE WORN 
IN THIS ORDER 


‘Medal of Honor. 
Medal of Honor (1917-18). 
Marine Corps Breve! Medel, 
Novy Cross. 

Distinguished Service Medal. 
Silver Stor Medal. 
Distinguished Flying Cross. 
Corps Medal. 


Specially Meritorious Service 
Medal. 


Purple Heart Medal. 


Navy ond Mori 


Presidential Unit Citation. 


Legion of Merit (relative 
standing not fixed) 


Medal for Merit (relative 
standing not fixed) 


Army of Occupation of Ger: 
many (service medal) 
American Defense Service 
Medal 


Theoter Campaign Medals (in 
order os earned). 


DISTINGUISHED SERVICE 
MEDAL. Established 1919. To any 
person, serving in any capacity. 
for meritorious service with the 
Novy. 


CONGRESSIONAL MEDAL OF 
HONOR. Highest award of the 
Navy, Estoblished in 1861. For 
conspicuous gallantry and in- 
trepidity. 


MARINE CORPS BREVET MEDAL. 
Established 1921. For holders 
of commissions issued by the 
President and conferred by the 


SPECIALLY MERITORIOUS SER- 
VICE MEDAL. For distinction in 
the wor with Spain, other than 
in battle. No longer issued. 


THESE ARE ARMY MEDALS 


: 


CONGRESSIONAL MEDAL OF 
HONOR. Army's highest deco- 
ration, established 1862. For 
conspicuous gallantry and in- 
trepidity in combat beyond 
the call of duty. 


$ 


DISTINGUISHED SERVICE 
MEDAL. Instituted in 1918. To 
members of Army, Navy, or 
Marine Corps for exceptionally 
meritorious service with the 
Army, 


RANK OF DECORATIONS 
DETERMINES ORDER 
FOR WEARING RIBBONS 


Ribbons worn in lieu of medals 
ore crranged on the wearer's left 
breast, beginning at the right, in 
the order of precedence of the 
decorations. When more than one 
line is worn, the lines overlap. 
Service medals follow decorations 
in the order of the date of service, 
with the Good Conduct Medal 
worn on the left of all service 
medals. Ook Leaf Clusters, repre- 
senting additional citations, are 
‘worn on the ribbons of the appr 
priate decorations; balile stors ore 
affixed to service ribbons for the 
compoigns to which they pertain, 
While the rank of all decorations 
has not been finally determined, 
the following is eccurate of prese! 


Medal of Honor. 
Distinguished Service Cross 
Distinguished Service Medal, 
Silver Stor 

Purple Heort. 


Soldier's Medel 


Distinguished Flying Cross. 


Legion of Mer 
‘Medol for Merit 
Air Medel. 


Orgonizotion Blue Unit Citation. 


‘Army of Occupation of Ger 
(service medal) 


ony 


American Defense Service Medal 
Theoter Campaign Medals. 


Good Conduct Medal. 


DISTINGUISHED SERVICE 
CROSS, Instituted in 1918, 
Awarded for extraordinary 
heroism in operations against 
‘an armed enemy, to any person 
serving with the Army. 


SOLDIER'S MEDAL. instituted 
in 1926, Awarded to personnel 
‘of Army, Navy, and Marine 
Corps for heroism not involving 
conflict while serving with the 
Army, 


1 Moking a medal begins with o water color of its design. 
The sketches above show various degrees in which the 
Legion of Merit is issued. Wx forms are then modeled 


2 Plaster patterns (top), mede from the wax forms, ore 
placed in an electroplating bath to produce galvanos, 
or metal plates (below). Actual-size medal center 


3 Obverse and reverse designs are reduced to steel hubs 
from which these female dies are made. Blank is then 
repeatedly struck between dies under 300-pound pressure 


How Me 


Are Made 


HE manufacture of medals, such as those 

shown on the preceding pages, is an interesting 
story in itself, These photographs, taken at the 
Philadelphia plant of Bailey, Banks and Biddle, 
silversmiths and medalists, show the production 
of the Legionnaire rank of the Legion of Merit 
(page 57). The higher degrees of this decoration 
—Chief Commander, Commander, and Officer— 
differ from the Legionnaire mainly in size. 

After preliminary sketches of a medal have been 
drawn up, an exhaustive research is made to in- 
sure that the contemplated designs do not dupli- 
cate any medal of some other country. When 
finally approved, obverse and reverse designs are 
reproduced successively in water-color paintings, 
plaster patterns, and metal plates. Since the latter 
are several times the size of the final medal, a 
pantograph is used to reduce the designs to actual 
size on steel “hubs.” From these are made the 
female dies between which a sterling-silver blank 
is subjected to repeated striking. All that then 
remains is for the piece to be color-enameled and 
gold-plated, if this is called for by the design. 
After a final finishing, another decoration is ready 
for presentation. 


4 Any surplus stock remeining around the edge of the med- 
cl after it comes from the pressing operation is trim- 


med with o jeweler's saw. Edge is then filed and polished 


5 The Legion of Mert’s design calls for perforations to 
separate crossed orrows that appeor between the arms 
of a cross. These tiny holes are made on drill press 


6 After it hos been colored by hond with hard.fired en- 
amels in accordance with original specifications, and 
then gold plated—the medal is ready for presentation 
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SPREAD BY THE SQUARE MILE TO CHEAT ENEMY BOMBERS 


The Army finds a magical way to hide 


troops, ships, factories, and even 


cities in a chemical haze made from 


@ formula by Dr. Irving Langmuir, 


By BRIG. GEN. ALDEN H. WAITT 
and ALLEN RAYMOND 


RECISION bombing by daylight, such as 

American Army flyers are doing with 
deadly effectiveness in Europe, is absolutely 
impossible for enemy airmen on at least nine 
days out of ten in several of the most vital 
defense areas of the United States. No bomb- 
sight can pierce the vast artificial fog which 
our Army's new M-1 smoke generator 
throws out as a screening blanket over mili- 
tary objectives. 

An armor of artificial haze or fog has $0 
proved its effectiveness in North Africa that 
one German bomber pilot was heard com- 
plaining by radio in mid-air to another that 
he couldn’t find his target “because of that 
damned smoke.” On the field of combat 
large-area smoke screening has made dive 
bombing or torpedo bombing absolutely im- 
possible where used over concentrations of 
men or ships. 

‘The use of smoke to blind an enemy in 
warfare is an old story. But the Army's 
M-1 mechanical smoke generator is some- 
thing so new that several key principles 
basic to its successful performance still are 
military secrets. It may be told, however, 
that with a few of our latest generators a 
few hundred men or women operatives can 
absolutely blot out areas as large as any of 
America’s strategic canals, navy yards, air- 
plane factories, or other military supply cen- 
ters from the view of enemy airmen, on al- 
most any day or night in which flying is 
possible. 

What nobody can see, nobody can bomb 
with precision. The R.A.F. found that out 
when trying to destroy the cruisers Scharn- 
horst and Gneisenau in the harbor at Brest. 
For many a day British airmen dropped 
their missiles hopefully toward these valu- 
able targets. Those cruisers escaped. One 
reason they got away was the Germans’ use 
of a protective smoke screen all around them 
—a screen now antiquated as compared with 
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America’s latest invention for the purpose. 

Before Pearl Harbor, the Army set out to 
improve American smoke-production meth- 
ods as swiftly as possible. Smoke generators 
now growing obsolete were already in use 
for the screening of limited areas, but what 
the Army Service Forces wanted was a de- 
vice for screening many square miles, if 
necessary. 

One of the-most widely used methods for 
production of smoke screens at that time 
was the partial burning and distillation of 
low-grade fuel oils in generators similar to 
the orchard heaters and smudge pots used 
in California fruit groves. 

These oil smoke pots—the best we had— 
produced a dark-gray smoke which was ef- 
fective in obscuring small areas, but their 
use was expensive in men and material. The 
smoke pots had to be serviced frequently, 
almost every hour through the nighttime, 
when they were used. ‘They required many 
men for operation, and provided little or no 
protection if used during the daytime. The 
smoke emitted was irritating to the noses 
and throats of people in regions protected. 
It stained their clothes and hampered their 
work, 

The job of developing and providing smoke 
chemicals and devices is entrusted to the 
Chemical Warfare Service under the Army 
Service Forces. 

No method of smoke projection existed 
capable of the large-area daytime screening 
which this Service sought. The problem of 
finding one was put up to the National De- 
fense Research Committee, headed by Presi- 
dent James B. Conant of Harvard. This is 
the committee, established in 1940, which 
has enlisted about 6,000 scientists in 100 
schools and 200 industrial laboratories for 
war research service, and which in Januar‘, 
1943, was wrestling with about 1,400 re- 
search jobs for American armed forces. 

‘One of these scientists is the Nobel Prize 
winner, Dr. Irving Langmuir, physicist at 
the General Electric Company's research 
laboratories, Schenectady, N. Y. Dr. Lang- 
muir was one of the men asked by the 
National Defense Research Committee to 
seek the better smoke formula. 

At the moment, Dr. Langmuir and an as- 
sistant, Vincent Schaefer, were knee-deep in 
a study dealing (Continued on page 194) 


Billows of mist pouring from the ten-lipped 
mouth of the U. S. Army's new M-1 smoke gen- 
erator cover o whole countryside like clouds or 
fog. A battery of these with men or women oper- 
ators could blot out an entire industrial oreo 
Ss 


HOW DOES IT FEEL TO 
SPEND EIGHT MINUTES 
OVER THE HEART OF 
JAPAN, THEN TO BAIL 
OUT INTO THE NIGHT 
DEEP IN CHINA? THIS 
MAN TELLS YOU 


Sergeant Eierman in his flying gear. 
Hailing from Atlantic City, N. J. he 
hos been in the Army since 1935. For 

is port in the raid on Japan he re- 
ceived the Distinguished Flying Cross 


THE writer of this article few as an engineer-guaner in the spectacular 


air raid on Japan on Apri 


18, 1942. Like most of the U.S. flyers, be had 


to bail out over Chinese territory in total darkness. Relaxation of military 
secrecy about the raid now makes it possible for him to tell bis story. 


FLEW on the Japan 

raid, and it was the 
biggest show I've ever 
had a part in. I'd call 
it a thoroughly successful operation. I know 
that one bad break forced a change in the 
plan, and later led to the loss of our planes 
and a few of our men. But every plane went 
where it was supposed to go, found its tar- 
gets, and planted its bombs right where 
they were supposed to fall. 

Thave been in the Army since 1935, when 
I enlisted in the infantry. I transferred to 
the Air Corps in 1936 and trained at Wheeler 
Field as an engineer-gunner. Early in 1939 
I was sent back to California and assigned 
to my outfit, the 89th Reconnaissance 
Squadron. All the men on the Japan raid, 
by the way, came either from the 89th or 
the 17th Bombardment Group. 

Early in 1941 we got our B-25 bombers, 
North American Mitchells. In February, 
1942, word went around that volunteers 
were wanted for “P." That was our code 
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By JACOB EIERMAN 
Stoff Sergeant, U.S.AAF. 


word for a special mis- 
sion somewhere out- 
side the country. 
There were more 
volunteers than they could use, so we drew 
lots, both officers and men. My name was 
the first drawn in our squadron. 

We did our main training at Eglin Field, 
Florida. There we worked and worked on 
short take-offs with markings on the run- 
ways. We also had gunnery and bombing 
practice, and did long navigation missions 
of eight and 10 hours, practicing celestial 
navigation out over the Gulf. 

Of course, the boys had some theories 
about the nature of our mission. One was 
that we were going to blast a big submarine 
base in the Caribbean. But that was settled 
when we went to the West Coast and got 
charts that showed pretty clearly that we 
were somehow going to China by way of 
Japan. 

‘We removed our lower turrets to install 
extra gas tanks, and also had tanks in the 


POPULAR SCIENCE 


bomb bay and the crawlway leading to the 
rear of the plane. After a final checkup we 
went to the West Coast, then flew to a 
rendezvous where our planes were loaded on 
the flight deck of the aircraft carrier Hornet. 

At 8:30 the next morning we sailed out 
to sea, where we met up with cruisers and 
destroyers which went along with us. 

‘The weather almost all the way across 
was dreary, misty, and rainy. Occasionally 
we'd see the sun, but most of the days were 
pretty bad; that was excellent for us. For 
the first part of the trip it was a pleasant 
life. We ate and lived with the chief petty 
officers, and the food was swell. On a typical 
day we could get up when we felt like it and 
get breakfast until eight o'clock. Then we'd 
go on deck and check up on our planes, ad- 
just them, and go over equipment. To keep 
in practice, we flew kites and fired at them 
with the top-turret guns of our planes. 

Every day General Doolittle held a meet- 
ing with a lecture of some kind, on gunnery, 
navigation, first aid, or bombardment. One 
day a naval officer who had been an attaché 
in Tokio talked about the terrain of Japan 
and told us ways to tell a Chinese from a 
Japanese. There wasn’t time to learn any 
language, but we memorized a Chinese 
phrase, “Meg Wa Bing,” meaning “Ameri- 
can Soldier.” 

Our planes made the whole trip lashed to 
the top deck. We had them dispersed around 
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so they covered the entire deck. It was 
understood that if we were attacked we 
would take off immediately and try to land 
wherever we could—first at Hawaii and 
later at Midway. If there wasn't time for 
that we were to push our planes overboard 
so that the carrier could get her own fight- 
ers in action. 

After we got west into the danger zone, 
we had general quarters every day before 
dawn and before sunset. After sunset gen- 
eral quarters we'd have supper and in the 
evening there wasn't much to do except talk 
or play the old Navy game of acey-deucey. 

‘We had been turning the engines of our 
planes over every other day to keep them 
tuned up, and now we refueled the planes 
completely on the afternoon of April 17. We 
understood that the plan was for us to take 
off in the late afternoon either on the 18th 
or 19th, when we would be about 400 miles 
from Japan. We were to hit there around 
dusk or a little after, and General Doolittle 
was to go over about an hour ahead with 
incendiaries to light up one main target so 
that the rest of us could get our bearings 
on that. 

But it just didn't work out that way. On 
the morning of the 18th we suddenly sighted 
a small vessel. It could have been a fishing 
boat or a patrol boat, but we never knew. 
One of our cruisers fired two salvos at it. 
‘The first was just over, and after the second 
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the first one 


Drawings by Fred Rodewald 


there wasn’t any more target to shoot at. 

But there was no way to tell whether the 
boat had got off a radio message, so the 
decision was made to begin our raid im- 
mediately, and the order, “Stand by to 
launch your ships” came over the carrier's 
loudspeaker system. 

We had no chance to eat breakfast, and 
most of us took off with empty stomachs. 
The Navy did rustle some sandwiches for us, 
though, and we took them along. Each man 
also Was issued a pint bottle of whisky for 
emergency use. 

We reported on deck and went directly 
to our 16 planes, which were now grouped as 
closely as possible at the back of the deck. 
‘There were 80 of us in the plane crews 
five to each ship. 

We knew we were going on a tough job. 
At the plane our pilot, Maj. John A. Hilger, 
told us we probably just didn’t have enough 
gas. 

“The way things are now, we have about 
enough to get us within 200 miles of the 
China Coast, and that’s all,” he explained. 
“If anyone wants to withdraw, he can do it 
now, We can replace him from the men who 
are going to be left aboard. 
Nothing will ever be said 
about it, and it won't be held 
against you. It’s your right. 
It's up to you.” Not a man 
withdrew, ‘although I don’t 
suppose any of them felt any 
better than I did. 


We drew lots for the mission. My name was 


jrawn in our squadron. 


The first ship was ready to take off about 
8:20 a.m., and we all stood around, watching 
and sweating it out. We had done plenty of 
practicing—on land—but this was going to 
be the first real take-off from a carrier with 
one of our big bombers. To make it worse, 
the sea was kicking up nasty and the 
carrier was rolling and pitching. 

But General Doolittle went first. He just 
set the brakes, gunned his engines, got his 
signal from the carrier's control officer, and 
took off. He used only about 200 of the 
300 feet of runway he had, and just seemed 
to jump the plane off into the air. Every- 
body felt better after seeing that. 

The toughest thing about the take-off, by 
the way, wasn't the run itself; it was the 
fact that our bombers had less than six feet 
clearance between the right wing tip and the 
island”—the big bridge structure of the 
carrier. That was the worst hazard. After 
four or five ships got off, one plane started 
without lowering the wing flaps. It ran 
right off the end of the deck and seemed to 
drop, but the pilot managed to keep off the 
water and gained altitude slowly. He was 
all right. 

Finally our turn came, and there were 
two other ships left to go. It felt like a 
normal take-off except for the very short 
run, The rolling and pitching was so bad 
that it took 15 men to hold the plane steady. 

‘The biggest thing I remember about that 
take-off was that I saw the carrier take 
water over her bow just as we were heading 
down to it. Major Hilger and the copilot, 
Lieut. Jack A. Sims, were in their regular 
places and I was crouching directly behind 
and between them. Lieut. J. H. Macia, the 
navigator-bombardier, was in his navigator’s 
place, and Sergeant Bain, our radio oper- 
ator-gunner, was at the radio desk. 

We got off, circled the ship once to check 
our compass, course, and drift, then started 
off. There was no flight formation. Each 
ship was on its own, with orders for its own 
targets. All the way to Japan we never 
went above 50 or 60 fect, and much of the 
time we were down around 15 or 20. We saw 
one amphibian patrol plane about 400 miles 
from the mainland, but it was at 3,000 feet 
and never saw us at all. 

Nearer Japan, we passed several small 
boats and the people stood on deck and 
waved to us, They seemed to get quite a 


‘The carrier was pitching and rolling when we took off. 
It felt like 4 normal take-off except for the short run, 


to us. They thought we were Japanese planes. 


kick out of seeing “their” planes patrolling 
so close to them. We tried out our machine 
guns and the nose gun jammed and couldn't 
be cleared. But the pilot ordered me to stay 
in the nose and be ready to drop the bombs 
if anything happened to Lieutenant Macia. 

We approached land skimming the waves 
at 20 feet. I guess we had all been hungry 
and no one realized it. But just as we came 
in over land. Sergeant Bain started eating 
a sandwich—I remembered that later. 

By then we were all thinking about our 
bombs. Our ships carried some demolition 
and some incendiary bombs. We had a 
special load of four 500-pound incendiary 
clusters—that is, each cluster contained 128 
four-pound incendiary bombs. Before the 
take-off we had watched a little ceremony 
on board, when the carrier's captain went 
up and attached some Japanese medals to 
the first bomb that was going to be dropped 
from General Doolittle’s plane. 

We came in over Japan just above the 
treetops. It didn't look as cluttered and 
crowded as we had expected. It was like a 
rural district anywhere, with green fields 
and open country. It was a brilliant sun- 
shiny day by now, without a cloud in the sky. 

Our target was Nagoya, a big industrial 
center, like Pittsburgh in the U.S. We hit 
there about 1 p.m. after circling from the 
bay so as to come back and make our run 
from the inland, We knew Tokio must have 
caught it nearly an hour before, yet no one 
seemed ready for us, We had no trouble 
locating our targets, which were zigzagged 
on either side of a very prominent straight 
canal leading to the bay. There was no 
AA fire, and not another plane in the sky. 

The first target was a big army barracks 
near the Nagoya Castle, an ancient land- 
mark, We were now at 1,500 feet and doing 
200 miles an hour; that had been arranged 
in advance so we could use the improvised 
“20-cent” bombsight. We did not carry the 
regular Norden bombsight for fear one 
might fall into the enemy's hands. 

We let our first cluster go on the barracks 
and just then some flak began to come up. 
‘They weren't too close—black puffs that 
looked like 37-millimeter stuff. The funniest 
reaction was from Sergeant Bain. I heard 
him on the plane's intercom phone, saying, 
“Major Hilger, sir, those guys are shooting 
at us!” He was talking in an indignant 
Carolina drawl, and he sounded just as 
though he figured those fellows were break- 
ing the law. 

‘The Japs couldn't seem to get our speed 
and altitude right. Some of the stuff was 
so far off it didn't seem that they were 
really trying. I saw only one mark on the 
plane—a little hole near the running light 
on the left wing tip. 


There was nothing below me but sir and fog, T never 


felt anything so lonesome. I really bad the biues. 


Our second target was a big arsenal or 
some kind of army depot. Now, I hadi't 
seen the first bomb land, but I sure saw this 
one; it went right down on the target, 
dispersed beautifully around it and hit 
particularly hard around one corner. 

‘The third target was an oil-storage ware- 
house. I saw that one and it seemed like 
a perfect hit. The AA fire slowed down 
then; I suppose we had run out of the area 
where the guns were. But it started up 
harder than ever as we approached the 
fourth and last target, the Mitsubishi air- 
craft works. That was a beautiful hit, too. I 
could see the bombs strike and flames burst 
up all over it. Of course we couldn't stick 
around long enough to check up on exactly 
how much damage we had done, I saw & 
funny thing there, too. As we passed over, 
a cleaning woman rushed out of one door 
and shook a mop at us! 

Major Hilger suddenly called out: “Look, 
they've got a ball game on over there. T 
wonder what the score is.” It was a baseball 
game, sure enough, and a big crowd was in 


a wild scramble getting out of there fast. 
‘With our bombs gone we went down to low 
altitude again and came out over the bay. 
We had one more target—oil tanks on the 
waterfront to be blasted with .50 caliber 
machine-gun incendiary bullets. Sergeant 
Bain, in the top turret, cut lose at them, then 
climbed down. I looked at him and burst 
out laughing. His left fist was clenched 
tight and his fingers were oozing peanut 
butter and jelly from that sandwich he had 
started to eat as we swept in over Japan. 
‘The whole raid had taken us about eight 
minutes, and he had never let go. 
* Well, with the excitement over for a 
minute, anyway, we felt a little let down. 
We did see one plane back of us over the 
city and it suddenly disappeared in a big 
cloud of AA fire. We know none of our 
planes was shot down, so I've always sup- 
posed some Jap ship came along and caught 
it; they have a bomber, I think the Mitsu- 
bisht 97, which is said to look something 
Uke a B-25, 

We turned south to run down the coast 
before heading for China. And now our 
main worry was about our gas supply. But 
when we turned west again over the China 
Sea, we ran into fog patches and squalls, and 
the storm we were getting into kicked up a 
35-mile-an-hour tail wind to help us along. 

That made us feel better, although not 
exactly good. It was still a_hit-or-miss 
proposition. If the tail wind held, we knew: 
we could probably make the China coast. 
But what then? We were flying low to save 
fuel, but running into increasingly bad 
patches of fog. ‘That forced us up to 500 feet, 
and kept us flying blind most of the time. 

By dark we were completely blind, with 
no way of estimating drift or sighting on a 
star. We had to go up to 7,000 feet to clear 
‘& mountain range we knew was just back of 
the coast. And farther inland we knew we'd 
hit even higher mountains. Finally, with less 
than an hour's fuel left, the pilot told us we 
were going to have to bail out. I remember 
we had a long discussion on whether to take 
our musette bags or not. T took mine, and 
also salvaged my pint of whisky. 

It’s funny what you'll think of at a time 
like that. I was bitterly regretting having 
to leave the 15 cartons of cigarettes I had 
bought aboard the carrier at 60 cents a 
carton, Bain felt even worse. He preferred 
cigars, and when he went out he had to 
leave the first box of 10-cent cigars he had 
ever been able to buy in his life, and he 
never got to smoke even one of them. 

Sergeant Bain jumped out first, and then I 
went through the bottom escape hatch. That 
hatch looked awfully deep and black as T 
went out and I hesitated a minute, wonder- 
ing whether to go head first or feet first. I 
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finally went feet first and got a good bump 
in the head. The next thing I knew I was 
in the air and my chute was open. I shined 
my flashlight and there was nothing below 
me but air and fog. I never felt anything 
so lonesome; I really had the blues. 

Just above the earth my light showed 
water, and I thought it was the ocean. But 
it was a rice paddy with a stream running 
through it. I lit running, on both knees, and 
got out of that parachute in nothing flat. 
I pulled myself together and walked about 
two miles to a tiny settlement, but found 
that all the doors were barred and no one 
would answer my knocking. It was raining 
and I was wet and cold and miserable. 

After what seemed like hours I found a 
man and his wife and persuaded them (by 
sign language) that they had nothing to 
fear. They took me to their home, next to 
& big Chinese temple, and called out the 
whole family. A very old man took charge 
then, but we still couldn't understand a 
word of each other's language. They gave 
me a place to sleep and offered me food, but 
I played safe and stuck to my own canteen 
and emergency rations. 

‘The next day a young boy—not over 14— 
guided me about 10 miles to a larger town 
where a Chinese officer took me to a military 
headquarters. I saw a flat map of the world 
hanging on the wall, and pointed to the U. 8. 
and then to myself. They beamed and under- 
stood that, all right. Later Lieutenant Macia 
showed up, and the Chinese made signs to 
show us there were three more. Our entire 
crew was reassembled. Bain was the last to 
come in. He had been knocked out landing 
with his parachute and spent the night on a 
mountain top. 

‘We were all taken then to a big military 
post where we had our first real meal in 
China, with fried eggs, sweet sauce, bamboo 
and bean sprouts, salt bread, and tea. We 
thought it was a banquet, but it was nothing 
compared to the luncheon General Ku later 
gave us at Third War Area Headquarters: 
‘They had 50 dishes, including a special treat, 
for us—the American dish, chop suey! 

Later we were sent by train and bus to 
a big air base built for the U. S. Army. 
From there, one of our C-47 transport ships 
flew us to Chungking. There we were told 
that we had been awarded the Distinguished 
Flying Cross. And at another luncheon 
Mme. Chiang Kai-shek presented us with 
the Chinese Army and Navy Air Force 
Medal. 

From China I was transferred to India 
and from there later ordered back to the 
United States. And the first thing I did 
when I landed back in the good old U. S. A. 
was to go out and mow down a couple of 
American T-bone steaks. 
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WHAT YOU SHOULD 
~ KNOW ABOUT OUR 


HEN the history of this war is writ 

ten, there may be a hundred days 
underlined in red pencil—a period in which 
a young aerodynamic engineer and a veter- 
an designer took a theory on airflow and 
turned it into the deadliest change-of-pace 
fighter airplane this stage of the war has 
yet produced. They call it the North Amer- 
ican Mustang—the P-51. 

To the unpracticed eye, this latter-day 
miracle may look like a half dozen other 
fighters powered by liquid-cooled engines. 
A careless spotter might turn it in for a 
‘Messerschmitt 109-G. Its lean, rangy lines 
are not unlike the Spitfire’s. Indeed, they 
are so conventional that little or no fuss 
was made over the plane until it saw action 
against the enemy. 

‘The P-51 was probably the first airplane 
designed from information gleaned from 
actual war conditions. Scarcely six months 
after England had gone to war with Ger- 
many, the British Purchasing Commission 
contacted North American Aviation on the 
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“FIGHTING PLANES — Low-flying Mustangs co-operate with an invasion flest and clear the 
*i way for landing barges carrying men and mechanized equipment 


A Fighter 
from the 
Ground Up 


You'll be hearing a lot about 
the Mustang in the months to 
come. This is the story of the 
plane that brought something 
new to the war in the air. 


By ANDREW R. BOONE 
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mass production of an existing single- 
seater. Although the current product was 
deemed adequate to match the existing 
German ships, President J. H. “Dutch” Kin- 
dleberger of North American and his staff 
knew that the production victory was in 
mass-producing an airplane that could out- 
fly the best the enemy could produce at the 
projected time in the future when these 
craft would reach the battle line. 

There had been six months of war, and 
many things had been learned. Among 
them was the need for high speed at all 
levels, free from the effect of shock waves. 
‘There was adequate evidence that aircraft 
diving at. speeds exceeding 400 miles per 
hour encountered periods of excessive vi- 
bration resembling impact or shock waves. 

‘There appears to be a velocity at which 
objects passing through the air no longer 
are able to “part” the fluid body. In the 
case of a curved surface designed to pro- 
duce a definite aerodynamic result, like a 
wing or tail surface of an airplane, the air 
seems to “pile up” on the highest point of 
the wing curve, forming stationary com- 
pression or shock waves. The speed at 


Straight, rangy lines give the 
resemblance to the Messersch 
Spitfire, Second-degree curves us 
design replaced the old method of fairing “by eye” 


1 its superficial 
109-G and the 
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which the airflow alters as it approaches 
the compression point is called the critical 
speed. This speed can be raised consider- 
ably by careful shaping of the wing section 
and relation of the wing to the fuselage 
shape. 

With the results of six months of air 
fighting before them, North American's 
engineers tackled the problem of building 
a ship that would be a full year ahead of 
its time when it first saw action, The major 
problem was to control the smooth airflow 
over the wings at high speeds so that the 
ship could perform well at low altitudes 
where the dense air offered high resistance 
to the airplane, but still would have enough 
performance to fight in the thinned-out 
upper air if enough engine power were pro- 
vided to take the ship there. 

This was practically asking to have one's 
aerodynamic cake and eat it. Two mem- 
bers of North American's staff came up 
with a suggestion. Edgar Schmued, for- 
mer Austrian pilot and now NAA’s chief 
design engineer, and Edward Horkey, a 
young aerodynamic expert, proposed the 
use of the laminar-flow wing, a special 
airfoil section developed in the wind tun- 
nels of the National Advisory Committee 
for Aeronautics. This wing had never been 
used on anything more serious than a 
wind-tunnel model. Admittedly, tests indi- 
cated that the airfoil would operate with 
50-percent less resistance than an ordinary 
surface capable of lifting the same amount. 
Indications were that air would flow 
smoothly over its surfaces at speeds within 
a few mp.h. of that of sound. 

There were, however, several important 
“puts.” ‘The wing, to attain the hoped-for 
efficiency, had to be mated with the slim- 
mest possible fuselage; its surface had to 
be absolutely rigid. Such a wing was difi- 
cult to produce in custom structure. Mass 
production of such an airplane seemed im- 
possible. 

There was no doubt that the Axis had a 
certain edge in time over the rest of the 
world. They had been piling up not only 
matériel but engineering information useful 
in warfare. In order to head them off, a 
certain amount of daring was required. By 
normal engineering evolution, a sample of 
the laminar-flow wing would have been 
built and cautiously flown; in due time, an 
airplane would have been evolved to fly on 
it. However, the world was in a hurry. 

While Schmued and Horkey set about 
developing production methods for getting 
out large numbers of laminar-flow wings, 
the fuselage had to be developed to conform 
with the requirements of the wing idea. If 
the air flowed turbulently around the fuse- 
lage, the entire effect of the laminar-flow 
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Drawings by Reynold Brown 


wing might have been destroyed. The 
engine in the 1,000-plus-hp. class with 
the lowest frontal area was selected 
—the liquid-cooled Allison V-1710. 

Another “first” incorporated into 
this ship was the method used in es- 
tablishing the final lines of the fuse- 
lage. Up to this time, an airplane's 
fuselage was designed by placing 
whatever had to go inside—the en- 
gine, tank, instruments, controls, 
seat, radio, etc.—in proper order, then 
locating the distance and position of 
the tail surfaces and drawing the 
best-appearing lines possible between 
the points to create a streamlined 
body. This method of fairing by eye 
was, of course, modified by the de- 
signer’s experience and knowledge of 
fluid dynamics. 

Two young North American en- 
gineers, Carter Hartley and Roy Lim- 
ing, buried this “design-by-eye” meth- 
od by introducing in the new design a 
method for developing the form by 
the use of second-degree curves. 

‘The hundred days’ miracle came out 
with such rapidity that few people 
took it seriously. Its wing span was 
87 feet, its over-all length 31 feet, 
3 inches, and its gross weight 7,700 
pounds. There was so little to mark it 
as a spectacular airplane that little 
or no effort was made to conceal its 
wonder. Such tricky developments as 
the superhard rivets used to replace 
bolts in wing structures were invisible 
to the casual observer. This weight- 
saving device was developed by an- 
other North American engineer, 
George Wing. These rivets have a 
shear strength of 75,000 pounds per 
square inch. Far too hard to drive, 
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FIGHTING comes natural to 
this plane with its high speed 
‘and maneuverability. At left, 
the artist depicts the end of 
a duel with a Focke-Wulf 190, 
with the Nazi on the way out 


DIVE BOMBING. Fitted with 
bomb racks and brakes, and 
re-designated "A-36" by the 
Army, the Mustang has ap- 
bomber to 


peared as a di 
pinch-hit for proj 


"100-days’ miracle" 


they must be forced into place by a.special 
tool which presses the rivet’s tiny collar 
into the notched end of a stud, leaving a 
modified conical head. 

Excess length is sheared off automati- 
cally. A thousand of these rivets—in reality 
threadless bolts—replace 798 heavier bolts 
and some regular rivets in the wing alone, 
effecting a 60-percent reduction in weight 
in these materials. 

‘The first ships to see action were low- 
altitude fighters, operating for the R.A.F. 
‘Their job was tagged “Army co-operation. 
Perpetual critics of U.S. designs accepted 
that as a signal that the design was a fail- 
ure and that the best use that the British 
could find for the ship was as a successor 
for the slotted and flapped Westland Ly- 
sander. Nothing could have been farther 
from the truth. At the point in the war 
when the first Mustangs arrived, there was 
nothing more vital to the conduct of the 
war than accurate, instant information on 
what the enemy was doing. The Lysanders 
and other slow observation and photo- 
graphic and reconnaissance ships had failed 
to keep Intelligence posted, as their slow 
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in the lt. The Mustang enjoys the distin 
Paine to be designed on the basis of actual war experience. O: vig 
incorporated the lessons of six months 


‘of being the first peseeione 
ally bui 
warplus. som: 


speed had made them targets for anti- 
aircraft and clay pigeons for fighters, 

The maneuverability afforded by the ship 
gave rise to constant use as a ground- 
attack ship and fighter-bomber. Stripped of 
all unnecessary weight and seldom flying 
at altitudes greater than 1,000 feet, the 
ships would fly into occupied France and 
the Low Countries at treetop level. Radio 
locating devices, which have to be deflected 
slightly upward to clear ground obstruc- 
tions, fail to pick up the low-flying craft 
in time to repel it. 

Because the Mustang is one of our “hot” 
types, too much cannot be said about its 
present and future. These are just conjec- 
tures: That laminar-flow wing gets better 
as it goes higher. All it needs is the proper 
power plant to keep it there. 

As to the airplane's behavior, little can 
be said without telling the enemy some- 
thing he should have to pay heavily to 
learn. The best hint, however, comes from 
the pilots. One of them is reported to have 
wanted to return his extra flight pay. 
Flying the Mustang was such fun that get- 
ting paid for it seemed unnecessary. 
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10 left, and a few of his 
neighbors ore shown in the basement ""warshop" 
of his home whore, in their spare time, they 
turn out gasoline strainors for Novy motorboats 


Guy Bonham, of oxtr 


The final product, which the group mokos 
under @ subcontract for o Flushing, N. Y. 
boat-building plant. Woodworking machin- 
ery was cleverly adapted to the metal job 


Basement “Warshop” 


YY POOLING their home-workshop tools, 

energy, and spare time, neighborhood 
friends of Guy Bonham, NBC radio enter- 
tainer, are waging a private industrial war 
against the Axis in the basement “warshop” 
of his New York suburban home. The 
group, which includes a variety of business 
and professional men, got its first subcon- 
tract job from a Flushing, N. Y., firm en- 
gaged in making motor lifeboats for the 
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One of the 60 opera- 
tions required is the 
cutting of 
To do the job, neigh: 
Harlan 
rigged up the device 
ot left, 
saved many hours in 
manufacturing time 


Nothing stumps these 
ingenious home “war- 
shoppers.” Whenthey 


found that they did 
not have the proper 
tool for leak-testing 
the finished strai 

they simply built one, 
using o bicycle pump 
witha 1914 Pierce Ar- 
rowoil ga 
sure the oir pressure 


Fights Hitler 


Navy. The job was to machine and assemble 
a gasoline strainer. Neither Bonham nor his 
cronies had ever worked with metal, but by 
adapting their woodworking machinery to 
the job, they turned out a trial strainer 
to the builder's satisfaction—and won a 
contract for 600 more. The group isn't 
worried about profits. “We'll be satisfied if 
we can buy hats occasionally for our ‘war- 
shop widows,’” they say. 
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PLASTIC FACE SHIELDS that 
are glass-clear, unbreakable, 
and noninflammable, have 
been designed to protect in- 
dustrial workers from flying 
Particles of wood, glass, and 
metal. The shield is held on 
with adjustable head bands 
and can be swung up from 
the face with a strap device 
to avoid smearing the shield 
with soiled fingers. Held well 
out from the face, the shield 
can be worn over glasses or 
even over a respirator. The 
device, which weighs but 
three ounces, is made by the 
Western Reserve Laborato- 
ries of Cleveland, Ohio. 


COPPERLESS COPPERS have joined nickel- 
less nickels (P.S.M., Feb. '43, p. 84) in the 
U, S. Mint's program to conserve strategic 
materials for military use. By authority of 
Congress, steel is replacing the 95-percent- 
copper alloy formerly used in the coins. This 
will effect a yearly saving of some 4,600 
tons of the precious metal. 
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AN INVISIBLE “RAINCOAT,” which 
can be formed on the surface of many 
materials to make them permanently 
water-repellent, has been developed 
by Dr. Winton I. Patnode, General 
Electric research chemist. The wa- 
ter-repellent film, which is so thin 
that it cannot be seen under a high- 
powered microscope, is formed by 
exposing the material to be coated 
to the vapor of one of a group of 
substances known chemically as 
methyl chlor silanes. An aftertreat- 
ment of ammonia vapor neutralizes 
any corrosive acids. At left, drops of 
water roll around like marbles on 
“raincoated” filter paper. 
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Medieval Woodwind 
eal 
Retorns to Fayor 


HE recorder, which was popu- 

lar in Shakespeare's day, ap- 
pears to be in vogue again. This 
simple musical instrument, re- 
sembling a flageolet, is now being 
manufactured in this country by 
William F. Koch at his plant in 
Haverhill, N. H. Made of South 
American cocobolo wood, of which 
Koch has a two-year supply, the 
instrument has a full chromatic 
scale with a range of a little over 
two octaves, and is made in so- 
prano, alto, and tenor sizes. Unlike 
most other woodwinds, the record- 
er has no reed, its mouthpiece be- 
ing provided with a “fipple” like 
that found on the ordinary whistle. 

‘A specially designed tool bores the ta- 
pered central hole of the instrument, the 
outer radius of which is turned on a lathe. 
Finger holes are bored slightly smaller than 
their final size, and then brought to precise 


The amateur can learn to play the recorder ina few days, 


the professional musician masters it almost at once 


dimension by hand during the tuning pro- 
cess. The instruments are finished with shel- 
lac, which brings out the grain of the wood. 
Chief outlet for Koch's products is G. Schirm- 
er, Inc., New York.—WILLARD ALLPHIN. 


(1) A section cut from a cocobolo plank with a bucksaw is squared (2) at the sides on a circular saw, 


cut into two or three pieces, depending on 


the number to be used in the final instrument, and (3) sea- 


soned on drying pegs. (4) A lathe turns the outer radius, and (5) a tuning fork tests the instrument 
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THE TORPEDO 


DO 30 KNOTS FOR 7 MILES 


WOLF-PACK TACTICS 


OREMOST threat to the U.S. as a fight- 
ing ally on foreign soils, and as an arsenal 
of democracy that actually delivers the 
goods, is Germany's great wolf packs of the 
deep—her fleet of some 700 modern U-boats. 
With a surface speed of 17% knots, which 
is as fast as many ocean liners, and a sub- 
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merged speed of eight knots—at which tank- 
ers and cargo ships often cruise—the mod- 
ern undersea raider is a very different prop- 
osition from that which prowled the oceans 
in the first World War. The average U-boat 
now plying the seven seas is about 221 feet 
long and capable of cruising for six weeks 
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HOW SEA AFFECTS SUBMARINE'S VISIBILITY 


CALM SEA —= 
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' HERE'S HOW THE U-BOAT 
HUNTS ITS PREY 


or more without refueling. 
Above deck, in its superstruc- 
ture, and below deck it can car- 
ry a total of from 12 to 14 tor- 
pedoes. ‘These can be launched 
at enemy ships from four tubes 
in the bow and one in the stern. 

Drawings on these pages, 
made by G. H. Davis for the 
Illustrated London News, show 
some of the tricks employed by 
undersea raiders in concealing 
themselves while they stalk 
their prey. ‘The Battle of the 
Atlantic is largely a matter of i 
matching wits with these un- Pa ss Meas Tosser 
dersea wolves. a 
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BREAKING WAVES 


To counteract the danger of plates being loosened Difficult to detect from a ship's deck, subs ore 
by the concussion from depth charges, Germany easily spotted by planes. Above ore various depths 
is welding, instead of riveting, its newest subs at which the subs must travel to avoid being seen 
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Style and Comfort 
for the Army Nurse 


RE is a fashion preview of clothing 
and equipment that millions of Amer- 
icans will be wearing and using in 

the months to come. With a large fraction 

of the population shedding civilian dress for 
uniform, the U.S. Army Quartermaster 

Corps finds itself the foremost arbiter of 

style in the country. 

Functional design is the keynote of all 
the garments that bear the “GI” label. 
While appearance is not neglected (witness 
the nurse's dress uniform shown above) 
the main considerations are comfort, servis 
ability, and protection. Since U.S. troops 
are serving in all climates from the icy 
mountains of Alaska to the steaming jungles 
of the South Seas and the sun-baked sands 
of North Africa, QMC designers have to 


For Formal Oceasions 


uniforms of tropical 
dina sand shade of | 
Khaki, Cap hos matching cover which can b 

removed for weer with tholi shit ond trousers 
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meet a wide range of conditions. Every 
item they turn out is thoroughly tested by 
modern laboratory techniques and corrected 
by the actual experience of forces in the 
field. 

Clothing is only a part of the Quarter- 
masters’ responsibility. All the parapher- 
nalia of military housekeeping, from bar- 
racks to bivouac, they must supply. As a 
result, a complete inventory of their “line” 
would put the biggest mail-order catalog to 
shame by its size and variety. 

On these and the two following pages are 
shown a few of the newest items jn this 
mammoth stock. Whether it's a jungle suit 
or a sleeping bag, the Quartermaster Corps 
feels that nothing but the best is good 
enough for its customers. 


it 


Jungle Hunting § 


Inconspicuous one-piece coverall mottled with 
spots of color. Generous pockets for grenad: 

Marquisette head net (right) rebuffs insects; 
inflatable bladders aid in crossing streams 


Olive drab is the 
underwear. Can be hung out to 
dry without drawing Zeros. Tow- 
els and handkerchiefs to match 


w shade for 


Simple ox it looks, the jungle hammock boasts a rain- 
shedding top canopy, a slide-fastened sleeping compart- 
ment of netting, and a bottom canopy to protect the rear 


Compers-out in the jungle will appreciate the 
comfort ond protection of an improved insect 
bar which con be either slung over a pup tent 
of rigged alone os seen below. While the net- 
ting is fine enough to keep out all pests, it 
admits plenty of air for comfort. Weighing 
only 2% pounds, it fits easily in the pack 


For use with cots in barracks and hos- 
Bitola, this mosquito bar is aged to 
j-bars inserted at the head and foot 
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With the cid of a plain rubber band, the severe 
lines of the pot helmet con be relieved with o 
selection of local flora, as shown at the right 


SMART 
ACCESSORIES, TOO . 


Underwear in this year's shade of olive 
drab . headwear yo in trim to 
harmonise with any setting ... and 
an inflatable belt for shipboard wear. 


For shipboard wear, belt is o comfort. 
A squeeze of a valve fills it with carbon dioxide 


ARCTIC SLEEPING BAG. Really two bogs 
in one. The inner, or “mountain,” bag 
con be used clone as well os with the out- 
er shell. Hood exposes only part of face 


When handling logs of average 
the return This ‘not ‘only mol 


GIANT TRUCK-TRAILERS are being used to 
haul Douglas firs, standing 160 to 175 feet 
high in the forests of the Pacific Northwest, 
to a saw mill at Mount Rainier—said to be 
the only one with a carriage long enough to 
handle the logs while they are being cut 
into 132-foot keels for Navy wooden mine 
sweepers. The truck itself has -12 forward 
and four reverse speeds. The trailer, when 


made up of three units as shown below, rolls 
on 24 wheels and can carry a load of 120,000 


pounds. Hauling the “big sticks” to the 
East Coast on three flat cars presents an- 
other problem in transportation, Routing 
must be carefully planned so as to avoid 
sharp curves and low tunnels as far as pos- 
sible, and thus insure that the precious 
cargo arrives without damage. 


WELDED 1,000-FOOT RAIL SECTIONS recent- 
ly enabled the Denver and Rio Grande Western 
Railroad to lay 17,000 feet of track in the Moffat 
Tunnel near Denver without halting heavy war 
traffic. In each section 23 pieces of 130-pound 
rail were joined with welding material from 
crucibles specially designed by the Metal and 
Thermit Co. of New York. The welds were 
radiographed with $10,000 worth of radium, 
used in place of an industrial X-ray machine, 
which would have been impracticable. A loco- 
motive then pulled the sections into the tunnel 
on ties riding on the existing rails. 


A Spee” aie 


At right, welding mate 
cible to fill crack between the rail ends 
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ZOO DISPLAYS ITS 
COLORED JEWELS 


ARE: tropical species of the 

brilliant - colored _humming- 
bird are now on dazzling display 
in the “Jewel Room” of New 
York's Bronx Zoo. Captured in 
Costa Rica, the group includes 10 
species which are exhibited alive 
here for the first time, as well as 
specimens of the world's second 
smallest bird—the Scintillant 
Flame-bearer, measuring 2.7 
inches in length. The birds were 
caught with chewing gum stuck 
on the end of a pole. 


Photographs by Arthur Sasse 


The remarkable 
token 


The x00 also provides @ shower once a 
day in the form of a spray from an at- 
To make the feedings eosier for 
. the spouts of food bolt 
fed with red (below), 
draws their attention. The "j 
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Americans smoke more today 


What Is the Truth 


MILLIONS ENJOY IT TO THE TUNE OF 
$2,000,000,000 A YEAR. YET FEW OF 
THEM KNOW ANYTHING ABOUT IT. 
HERE ARE SOME FACTS THAT YOU 
SHOULD KNOW. 


By WILLIAM VOGEL, Jr. 


MERICANS are smoking more in war- 
time than they have ever smoked be- 
fore, and the huge American tobacco indus- 
try, as a consequence, is booming as it has 
never boomed in its long history. 
‘The demand for cigarettes last year broke 
all previous records. According to tax-paid 
withdrawals of tobacco from Government- 


Most pipe blonds have about 
five kinds of leaf. In this special 
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WHERE TOBACCO COMES FROM 


sve come from 10 of the 
test tobacco centers 


UoKT pnw Ss 
VIRGINIA VIRGINIA 
sea 


bonded factories, cigarette sales totaled 
235,839,000,000, a rise of 14.3 percent over 
the 1941 figure. The final accounting on ci- 
gars is not in yet, but the Department of 
Agriculture, which watches over the prog- 
ress of smoking like an anxious mother, 
estimates that well over 6,000,000,000 have 
gone up in a yast cloud of fragrant smoke. 
In addition, about 350,000,000 pounds of pipe 
and chewing tobacco and snuff have been 
consumed by 16,000,000 users. Preliminary 
estimates for 1943 indicate that smoking 
will continue to increase, although not so 
sharply as last year. 

Why are people smoking so much? The 
tobacco industry has a simple answer: war- 
time prosperity is enabling people to spend 
more money on luxuries, ‘They point to the 
fact that tobacco use declined sharply dur- 
ing the depression, There may be other 
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than they ever did before 


About Tobacco? 


SHADE-GROWN TOBACCO 


v 


is grown under tents of ch 
cloth, to produce a light, si 
leaf svitoble for cigar wrappers 


SUN-GROWN TOBACCO 


results in @ leof thot is smaller, 
thinner, ond dorker, ond with o 
tendency to be gummy in texture 


factors, of course, such as the heightened 
nervous tension of hard work, which smok- 
ing eases. 

‘What with the industry having more than 
a billion dollars invested in plant and equip- 
ment, retail tobacco sales this year may 
reach the staggering total of $2,000,000,000. 
And because smoking keeps civilian and 


leaf to Catherine de Medici in 1561 (and 
never seems to have done anything else 
worth mentioning), is immortalized in the 
name of the genus and of the clear col- 
orless liquid with the chemical formula 
CwH.N;, which is the characteristic alka- 
loid of tobacco, nicotine. 


military morale high, 
the Government has de- 
clared tobacco an indus- 
try essential in wartime. 

What, after all, is this 
marvelous household 
weed whose history of 
recreation and pleasure 
began when Columbus 
landed in San Salvador? 

Botanically, tobacco is 
any one of several plants 
of the genus Nicotiana, 
while the chief American 
species is N. tabacum. 
Jean Nicot, the French- 
man who brought the 
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that: 


—any addition to tobac- 
co is an adulterant. 
—a long, white ash 

means a good cigar. 
—finger stains are 
caused by nicotine. 
—cigarette “rice paper” 
is made of rice. 


‘Chemically, tobacco contains two percent 


nicotine in the bright 
leaf and five percent in 
the darker varieties. The 
lighter types are the bet- 
ter West Indian leaves; 
the strongest are the 
rank French and Ger- 
man crops. The nature 
and proportion of tobac- 
co's chemical constituents 
are largely determined by 
the conditions under 
which it is grown, as well 
as by the curing and 
fermentation of the leaf. 
Analyses of tobacco show 
" that it also contains: 
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Tobacco starts its growth in 
© protected ar 
carefully cul 
ftilized. A. h sping teaspoon 
is sufficient to sow 
are yards, which will 
jough seedlings to 
plant one acre. After 40 days 
seedlings are 
et out in rows in the field 


Malic and citric acids. 
Oxalic acid....ccsessiroes 
Resins, fats and oils. 
Pectic acid. 
Cellulose 
Albuminoids 
ABB oe 


“a2 to 30% 


‘Tobacco smoke is difficult to analyze, but 
generally it contains varying percentages of 
nicotine (but never as much as the unburned 
leaf), aldehydes such as furfural and acro- 
lein, methane, hydrogen cyanide, hydrogen 
sulphide, organic acids, empyreumatic oils, 
phenols, pyridine, picoline, ammonia, car- 
bon dioxide, carbon monoxide, water, and 
tarry distillates. 

‘The ash is generally composed of potash, 
lime, sodium chloride, and magnesia, in 
quantities ranging from nine to 40 percent. 
In addition there also are small percentages 
of sulphuric acid, silica, and calcium 
phosphate. 

‘The ammonia and acrolein are the chief 
irritants in tobacco smoke. Curiously 
enough, smoke from a free-burning ciga- 
rette is alkaline, chiefly because of the am- 
monia, and is more irritating to the eyes 
than smoke expelled from the mouth or 
nose, which has an acid reaction. 

‘The great controversy about nicotine will 
probably rage as long as there are smokers 
and nonsmokers. Generally, the best scien- 
tifie opinion is that nicotine is no more 
harmful to the average person than the caf- 
feine in coffee or tea. 

However, the amount of nicotine in to- 
bacco “has no strict relation” to that in 
the smoke. ‘This is the opinion of Dr. Wal- 
ter S. Mendenhall, professor of pharmaco- 
logy in the School of Medicine of Boston 
University. Tests reveal that the manner 
of smoking may have much more to do 
with increasing the nicotine content of the 
smoke than the tobacco itself. A violently- 
puffed, rapidly smoked cigarette commonly 
throws off a lot more nicotine than one con- 
sumed at a leisurely rate. ‘The same is true 


86 


of the irritating aldehydes, which may be 
greater in a fast-smoked, hot cigarette than 
ina cooler one, Much of the tar and other 
waste products in smoke are filtered out in 
the cool, unburned portions of a cigarette 
or a cigar, 

‘Tobacco is a wonderfully adaptable plant 
and can be grown almost anywhere in th 
world, There's a catch in this, however 
while adaptable, tobacco is extremely sensi- 
tive to conditions of soil and climate. For 
example, two such different types of seed as 
Zimmer Spanish and Connecticut broadleaf, 
when grown side by side, produce leaves 
which can scarcely be told apart. Yet when 
the former is grown in the Miami River Val- 
ley of Ohio and the latter in Connecticut, 
the Zimmer Spanish crop makes good filler 
for domestic cigars, while the broadleaf 
makes silky cigar wrapper. This peculiarity 
also works in reverse: North Carolina has 
four principal tobacco-growing regions, or 
“belts.” Plants from one belt simply will 
not grow at all in another, even though only 
a creek or a hill separates them. 

With minor differences, growing tobacco 
is the same in Sumatra, Virginia, Asia Mi- 
nor, or wherever commercial tobacco is 
raised. In Cuba, for example, the rich loam 
of Pinar del Rio Province, which produces 
70 percent of the Havana crop, rests after 
the winter harvest till June. After fertili- 
zation and the summer rains, the fields are 
plowed and more fertilizer is applied. In 
the fall there is intensive cultivation by 
plow, harrow, and drag to prepare the fields 
to receive the brownish seed, so fine that 
a teaspoonful will produce an acre of plants. 

Safeguarded from weeds and insects, the 
seedlings grow for 40 days. In December, 
transplating begin; all plants that show 
signs of dying are replaced after a few 
days with strong ones. If the tobacco is to 
be shade-grown for wrapper, men on stilts 
spread huge bolts of cheesecloth on frames 
eight feet high to protect the leaves from 
the sun. 

‘When the plant is several fect high, buds 
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Above, the small seedlings 
cre being transplanted to 
@ sun-growing area with o 
machine which both covers 
the plants and waters them 


In this shade-growing oreo 
ring of cheesecloth is 
ed overhead to re- 
the amount of sun- 
on the wrapper leof 


d 
light 


«.-AND HOW 


Cigar tobacco is uivally cured by fermentation. 
In cigarette tobacco, however, fire curing 
cond sun-and-air  curin employed. The to- 
bacco shown below own wrapper, which, 
threaded in pairs, is being hung up for drying 
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IT 1S CURED 


Ponels that ‘out from the sides of the dry- 
ing barn permit a careful control of ventilation. 
Five curing, in which wood smoke is brought into 


@ curing barn through a series of flues, is com- 


monly used on yellow and mahogany tobaccos 
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1 The cigar mater frst 
up enough filler material to 
form the cigar, then molds it in 
his hands to a well-shaped body 


HOW CIG 


A 


He then rolls o binder leat 

around the body to form a 
“bunch.” How @ cigar is built 
often determines how it tastes 


4 lazing, the bunch aide for a mo- 5 The cigar maker's best 


ment, the 
lects o shade-grown wrapper leaf a: 
expertly trims it off with 


— . 


a £. 


OKE 
ow TO SM 
ne CIGARETTE 


When you 
the match 
so as not to 
tobacco wil 
slowly. A 
creases the 


tobacco fi 
a J avoids finger 


burne 
hot, an 


jor maker carefully se- 


skill comes into play os 
ind he rolls the spiral of wrap- 
per leaf around the bunch 


ARS ARE MADE 


The bunch is trimmed to size 


by clipping the overlong fil- 
ler leaves. Fillers may also be 
“scrap,” or smaller, broken leaves 


6 With 2 drop or two of col- 


corless, harmless adhesive, 
he seals the "flag" in place 
round the head of the cigar 


Re 
7 ond to 


the cigar back 
rth under a flat, 
smooth board gives it its 
uniformly cylindrical shape 


ination, the cigar goes 
on to other expert hands for 
color selection and packing 


to trim 
@ final 


Drawings from Cigar Institute of America 
begin to appear, which if allowed to flower 
would draw strength from the leaves. In 
a process called “topping,” they are nipped 
off by hand. At the same time, sick-look- 
ing leaves are removed, as well as large 
numbers of new shoots, called “suckers. 
At maturity the plant will have about 12 
to 14 leaves. 

Although the growing procedure is vir- 
tually the same, there are many differences 
in curing. Cigar tobacco, generally, is cured 
by fermentation alone, no artificial heat be- 
ing used. In the cigarette-tobacco regions 
of Virginia, North Carolina, and Kentucky, 
heat is used in fire-curing and flue-curing, 
while sun-and-air curing is similar to the 
fermentative method commonly employed 
in Cuba. 

Flue-curing bright yellow tobacco in Vir- 
ginia and North Carolina is probably the 


POPULAR SCIENCE 


With mechanical ngers which ore 
licote as those of the most expert craftsman, 


pe ei i ee cigar 
stages of manufacture have been 

ith thove of the hand method ot left 
(Courtesy of General Clear Co, 


seven seconds. The progres 
‘numbered to correspond 


most difficult task of the tobacco planter. 
Smoke enters the curing barn through flues. 
Drying the leaves rapidly to obtain the yel- 
low tint requires 90 degrees F. of heat for 
36 hours, then two hours at 100 degrees. 
Every two hours thereafter the temperature 
is increased 2.5 degrees until the critical 
point of 110 degrees is reached. Now the 
yellow color appears, but from there on it 
Tests entirely upon the judgment and skill 
of the planter how long the heat should be 
applied. It may take from four to eight 
hours, and constant care must be taken to 
keep the leaves from fermenting. 

‘When the tips begin to curl, the tempera- 
ture must be raised again, at first to 120-125 
degrees, then, after four to eight hours, to 
170 degrees, in steps of 5 degrees at a time. 
This “fixes” the color by driving out all the 
sap, oils, and moisture, and makes the leaf 
one of the finest ingredients of a cigarette, 
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id to be o 


highly prized here and in 
Great Britain. 

Curing Havana tobacco 
is done entirely by “bulk- 
ing” the leaves—that is, 
heaping them in piles 
weighing as much as 5,000 
pounds. Now a mysteri- 
ous chemical and bacteri- 
ological phenomenon called 
“sweating” takes place. 
‘The moisture in the leaves 
and the pressure of the 
upper leaves on the lower 
ones cause the tempera- 
ture to rise to 117-120 de- 
grees. This fermentation 
destroys oils, sap, and 
juices, and develops “'smok- 
ing” qualities, as well as a 
dark-brown color. While 
it goes on, bulks must be 
continually rebuilt so that 
the upper leaves can be 
placed at the lower parts 
of the heap. 

It is a common belief 
that any addition to tobac- 
co is of necessity a “dope” 
or an julterant,” which 
impairs the purity of the 
product. The fact is that 
pure, harmless flavoring 
essences are widely used 
in pipe and chewing to- 
baccos, snuff, many ciga- 
rettes, and some cigars. 

“Casing” tobacco is done 
by swishing it in a flavor- 
ing broth just after it has 
been cured. “Bouqueting” 
is performed by spraying 
essences on the tobacco. 

Casing and bouqueting formulas are close- 
ly guarded trade secrets of the manufactur- 
ers. Many exotic essences are used: the 
Biblical myrrh, honey from the mangrove 
flowers of Santo Domingo, tonka beans from 
Venezuela, imported licorice, deer's tongue, 
St. John’s bread (a Mediterranean bean), 
and essential oils of fig, rose, and geranium. 

Like wine, tobacco has gathered about it 
curious collection of folklore, little of 
which is true. Many people, for instance, 
believe that a light-colored cigar is neces- 
sarily mild. Actually the strength of a cigar 
is determined by the curing and blending of 
its filler. Another misconception is that a 
white ash is proof of superior tobacco. In 
reality it means only that a cigar is burning 
properly. Nicotine is usually held respon- 
sible for finger stain from cigarettes. The 
truth is the discoloration is caused by dis- 
tilled vegetable tars. 


bit os 
machine 
less than 
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A newly painted tank rolls through the light tunnel ot the Chester, Po., Army Ordnance Depot 


A PAINT-DRYING TUNNEL, in which the 
ceiling and walls are lined with hundreds of 
infrared lamps, has been ingeniously de- 
vised by experts of the Army Ordnance De- 
partment at the Chester, Pa., depot to speed 
up production on the various types of com- 
bat vehicles now being used on foreign 
fronts. Shown above is a newly painted 
tank, which is being driven slowly through 


After matrix is formed from metal pattern, 
it is used to make printing plate (right) 


20 


the tunnel of light. Drivers deliberately 
“loaf” on the job so that the trip will take 
at least four minutes. However, when the 
vehicle finally arrives at the other end of 
the tunnel, its paint has been thoroughly 
dried by the rays of the lamps. Under or- 
dinary conditions, the drying would have 
taken 24 hours, and would have required 
temporary storage space for the vehicles. 


PLASTIC PRINTING PLATES are replacing metal 
ones in a process developed by Bakelite Corp. 
Weighing only one-eighth as much as their pre- 
decessors, they are easily handled, and can be used 
for half-tone engravings requiring as high as 175- 
line screens. 
matrix takes an impression of the type or engrav- 


Under pressure, a thermosetting 
ing and then is used to 
mold the thermoplastic 
printing plate. Pressure 
never exceeds 1,200 pounds 
per square inch, and the 
temperature, in the second 
process, is kept at 260 de- 
grees F. The plates, which 
can be curved for cylinder- 
press work, withstand long 
press runs. Lithographing 
plates of plastic have been 
developed by Du Pont, sav- 
ing three to eight times thei 
weight inaluminum andzinc. 
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OPA shoe rationing has 
given rise toa wood 
an-toled shoe which manu- 
facturers ore whooping up 
to beat the ban on the 
froo use of leather. Shown 
above arethe wooden soles 
being rough-cut to shape 


Novel feature of the 

new “clogs” is a 
hinged sole for flexibility 
(below). Leather plugs 
avoid clatter, ond heel 
insert acts os a shock 
absorber. The soles are 
being made by the Ster 
ling Last Corporation 


Nest stop is rimming. 
the roughed-out sole 
down to the props 

and size for the 
shoe. An outsole lai 
the block serves as a: 
pattern for the band-saw 
operator in the cutting 


4 Finishing is done at 
the New York plant | 
of |. Miller & Sons, Inc, 
where o battery of pre 
sure machines puts upp 
on the solos. Called L 
bertimbers, the completed 
shoes (left) are both 
comfortable and stylish 


BUOYANT CATERPILLAR TREADS to float and pro- 


pel seagoing tanks have been suggested by Frank 


Darragh, Jr., of Beaver Falls, Pa. 


The sectional 


view at the right shows how the pontons are driven p 
as an endless track. A rudder of conventional design 
steers the tank, which is also capable of making 


beach landings, 


Fuse TUBE 


INCENDIARY BOMBS can be smothered 
quickly and effectively by covering them 
with the common mineral feldspar, accord- 
ing to Joseph Fahey and Michael Fleischer, 
of Washington, D. C., and William Rubey, of 
Westmoreland Hills, Md, Melted by the heat 
of the bomb, the feldspar forms a viscous 
covering that excludes the air. 


BOMB WEBS that can be thrown in the 
way of enemy planes have been suggested 
as a new antiaircraft weapon. Encased in 
shell, the web is shot into the air and 
there released by an explosive set off by a 
time fuse, spreading out like a giant spider 
web. The instant the plane hits any one of 
the steel cables, the bombs at the ends of 
the web's tentacles whip in toward the plane 
and explode on contact with it, resulting in 
the plane's destruction. The device was 
designed by Asa B. Carmichael, of Tujunga, 
Calif. 


AT INTO VISIBLE IMAGE OF 
(ON FLUORESCENT SCREEN 


SEEING THROUGH FOG is made possible 
for pilots by a novel application of television 
principles. A viewing device slung under the 
nose of the plane picks up fog-piercing 
infrared rays which are not visible to the 
human eye. An iconoscope translates this 


ghost image into electrical impulses, which 


VIEWING DEVICE 
D Picks uP INFRARED 
RAY IMAGE OF MOUNTAIN 
MEANS OF AN 
"AND AMPLIFIER, 
DELIVERS (T TO RECEIVER AS A 
MODULATED BLECTAIG CURRENT 


are amplified and passed on to a receiving 
unit where they are converted into a visible 
image on a fluorescent screen. In addition 
to removing the hazard of running into a 
mist-shrouded mountain, the device would 
assist in landings. Harold A, Adams, of 
Bakersfield, Calif,, is the inventor. 
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WAKE SHOWS: 
‘couRsE oF 
TARGET SHIP 


* @ADIO- CONTROLLED 
TARGET SHIP 
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TARGET SHIP. A new system of radio control devised by 
G. V. Holloman, Charles Paulus, and Raymond Stout, all 
of Dayton, Ohio, would fit an obsolete or captured naval 
vessel for effective use as a target for dive bombers, sur- 
face craft, and shore batteries. By changing the fre- 
quencies on a carrier wave transmitted by an attending 
blimp, the crewless ship could be made to turn, alter 
speed, and carry out other evasion tactics. 


WORLD'S FASTEST FIGHTER, according to 
British reports, is the R.A.F.’s new Ty 
shown in flight at the left. Its 
‘ve engine is arranged in 
four banks of six cylinders each in H for- 
mation, The Typhoon 1 A, at left, has 
twelve .303 Browning guns, six on a side 
in the wings. Model 1 B, below, has four 20- 
mm. Hispano guns, two in each wing. Its 
speed and punch are matched by terrific 
ing power, and maneuverability to en- 
able it to fly circles around the best the 
Nazis can send against it today. In the 
photograph below, a Typhoon is seen rev- 
ving up for a sweep over Holland in one of 
the raids that keep the Germans busy. The 
Typhoon is a Hawker plane, a product of 
the same firm that makes the Hurricane, 
one of the fighter types that won the epic 
Battle of Britain, 


NEW GERMAN TRANSPORT. Shown be- 
low is the Nazis’ new Me-323 transport 
monoplane, latest and largest of the so- 
called “powered gliders” being used by the 
Nazis for carrying men and materials. The 
giant transport plane is powered by six 


French Gnome-Rhone radial engines, each 
of 700 to 800 horsepower, arranged in line 
along the leading edge of the wing. A 
multiwheeled undercarriage enables it to 
land on rough ground. The plane can carry 
@ 22,000-pound load, or about 130 men. 


o4 
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Shells from walnuts like these are ground to 
flour and mixed with resin and a catalyst in 
@ baker's dough mixer to make plastics for 
use in airplane drill jigs and forming dies 


This mixture is poured into molds and boked 
to hardness in the ovens ot right that once 
turned out cokes and cookies. Two to eight 
hours at 175 degrees F. are needed in curing 


Above ore drill jigs 
baked in cookie ovens 
to save three months’ 
fooling time in the 
building of bombers. 
The plastic resists 
both oil and chipping 


OUND walnut sh 
mixed with an acid catalyst and 
in bakers’ cookie ovens, are speed- 
ructi janes, The 
okies” become drill jigs and forming 
of withstanding pressures of 
have helped the Vega Air- 
rporation save three month: 
ing time in building warplanes 
t Burbank, Calif. M. Basolo, fore 
he Lockheed Aircraft Corpo- 
wood shop, and Carl Hill, 
lastic expert, perfected the process. 


Large forming dies (below) capable of withstanding 
high pressure ore made from nutsholl-resin plastic 


Space-Saving Airports 
for Tomorrow’s Skyways 
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CATAPULT LAUNCHES 


CABLE AND BRINGS! & = = 
PLANE To STOR ——— E 
- = A LOADING tH 
, = = Ear 
SS =—— ko noes 


Cee 
joanne” “IMMOBILE CARRIER” 
ANCHORED IN RIVER 


x 


PLANE ATTACHED TO CABLE™ ~ 
FLIES UNDER OWN POWER UNTIL © 
IT REACHES FLYING SPEED AND 
SUFFICIENT ALTITUDE, AND 

THEN PROPS CABLE 


POINT OF RELEASE CAN BE 
VARIED ACCORDING TO 
DIRECTION OF WIND 


i STARTING 
POSITION 


ARRESTER CABLE 


BRINGS PLANE ‘be models of compactness, efficiency, 


and safety, according to Andrew J. 
Fairbanks, professor of aeronautical 
engineering at Rensselaer Polytechnic 
Institute, Troy, N. ¥., whose concep- 
tion of tomorrow's airport is here il- 
lustrated. Long runways, expensive 
to build and maintain, will be obviated 
by catapults, circular take-offs, and 
flight-arresting gear, as well as by im- 
mobile “carriers” anchored in near-by 
rivers. Private flyers will use heli- 
copters—and “parking lots.” Any plane 
that can stand still in the air, be moved 
two feet this way, one foot that way, 
and parked like a car, is the ideal ship, 
says Professor Fairbanks, for hopping 
over to the village for supplies or tak- 
ing the kids to the park for a picnic. 
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AMMONIA has more than 2,000 peacetime 
industri 


I uses. In war, it is indispensable. 
A basic ingredient in the manufacture of ex- 
plosives, it also hardens metal parts for 
planes, tanks, and guns; goes into nylon for 
parachutes and plastics for plane noses and 
turrets; fr 
ment; makes fertilizers. 


es food for storage and ship- 


COKE, AIR,AND WATER 
COMBINE ‘TO FORM 

CARBON MONOXIDE, 
CARBON DIOXIDE,HYDROGEN, 
AND NITROGEN 


PRESSURE INCREASED 
TO 300-400 LBS. PER 
SQ. IN. 


By ALBERT Q. MAISEL 


VERY time a 16-inch gun is fired, 120 
pounds of nitrogen goes back into 
the air from which it came, Every bul- 
let, shell, and bomb dropped on Japs or 
Nazis comes into being only with the 
aid of ammonia, a simple compound 
made up of three parts of hydrogen and 
one of nitrogen. Yet, if we had to fight 
this war with only the facilities for 
making ammonia that we had during 
World War I, we should be licked before 
we started. 
‘The difference between 1918 and to- 
day is that now the United States has 


CARBON DIOXIDE BUBBLES 
OUT, LEAVING PURIFIED 
WATER WHICH FLOWS BACK 
TO SCRUBBER 


CARBON DIOXIDE IS 
DISSOLVED IN WATER 

AND PUMPED TO TANK > 
ON TOP OF HILL 


MIXTURE OF GASES TREATED 
WITH STEAM. CARBON MONOXIDE 
BECOMES CARBON DIOXIDE, THUS 
LEAVING ONLY CARBON DIOXIDE, 
HYDROGEN, AND NITROGEN 


J 
ies] -CARSON-MONGHIDE- 
HYDROGEN 
NITROGEN 


CARBON DIOXIDE 
CARBON MONOXIDE 
HYDROGEN 
NITROGEN 


CARBON DIOXIDE 


CARBON BIOHIDE 

CARBON MONOHBE 
HYDROGEN 
NITROGEN 
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OUR AMMONIA MAKERS PERFORM THE INCREDIBLE FEAT 
OF TAKING SOMETHING FROM NOTHING TO GIVE US AN 
UNLIMITED SUPPLY OF EXPLOSIVES AND FERTILIZERS 


a highly developed industry capable of pro- 
ducing synthetic ammonia—and the hun- 
dreds of other war chemicals derived from 
ammonia—using only air and water as raw 
materials. In the last war, when all coun- 
tries relied upon natural nitrates imported 
from Chile for explosives and other nitrogen 
chemicals, this country and its allies were 
lucky. The Germans tried to cut off British 
supplies from Chile but, after the naval bat- 
tles of Coronel and the Falkland Islands, 
they themselves were blockaded without the 
vital nitrates. In fact, if they had not cap- 
tured seven ships loaded with Chilean ni- 
trates at Antwerp, they would probably 
have lost the war by 1916. This lucky cap- 
ture gave them a breathing spell while they 
built a plant to use a new process developed 


by Prof. Fritz Haber—a process which freed 
them from the need of anything beyond air 
as a source of nitrogen, water as a source 
of hydrogen, and coal as a source of power. 

During that war, only experimental plants 
were constructed in this country, for while 
the process was theoretically not too diffi- 
cult, the trick was to discover and develop 
a catalyst that would hasten the union of 
nitrogen and hydrogen into ammonia. Only 
after six years of Government-sponsored 
research did we work out modifications of 
the Haber process. But when our scientists 
finally came up with a solution, their process 
was many times more efficient than the 
original German development. It made syn- 
thetic ammonia so cheap that, within a few 
years, the annual consumption of ammonia 


AMMONIA GAS 


SPHERICAL 
STORAGE TANK 


INSULATIC 


IRON OXIDE 
CATALYST 


CONTINUOUS PUMP. 
COMPRESSES AM- 
MONIA GAS BACK 
TO LIQUID STATE 


PRESSURE OF HYDROGEN- 
NITROGEN MIXTURE INCREASED 
TO 12,000 LBS. PER SQ.IN. 
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AMMONIA—WHERE IT COMES FROM .. . 


AMMONIA SOURCES 


SYNTHETIC AMMONIA 
AIR WATER GAS or 
COAL GAS or 
Petroleum-Refinery Gos or 
Noturel Ges or 
Electrolysis of Water 


NITROGEN HYDROGEN 


So 


AMMONIA (NH3) 


BY-PRODUCT AMMONIA 


recovered from cool 
in coke and gos plants 


CALCIUM CYANAMIDE 


plus steom 


and ammonia derivatives rose manifoldly. 
Ammonia prices dropped so low that hun- 
dreds of new uses became practicable, par- 
ticularly the important one—in war as in 
peace—of making fertilizers. 

Today, in many commercial plants de- 
veloped since 1925 and in a number of plants 
specially built for war work, the ammonia 
industry is working all-out for munitions 
production, Some of our 2,000-odd peace- 
time uses have had to be curtailed to make 
way for explosives production, but our ca- 
pacity for this vital chemical is now so 
large that all really essential needs can still 
be met. 

The basic war use for ammonia is that 
of providing the foundation for explosives. 
One process converts ammonia into nitric 
acid, essential in the production of nitrocel- 
lulose or guncotton. Nitroglycerin, TNT, 
picric acid, smokeless powder, and ammo- 
nium nitrate are all likewise dependent upon 
ammonia. 

But synthetic ammonia is vital in other 
ways to our war machine. It is used for 
nitriding or casehardening steels for vital 
parts of armor plate, airplanes, tanks, and 
guns. Ammonia gas is passed over steel 
objects at a temperature of from 900 to 
1,000 degrees F. in closed chambers. The 
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DIRECT USES OF AMMONIA 


Tce Plonts, Breweries, 
Cold Storage, ete. 


AMMONIA USED IN CHEMICAL 


‘As Purifying Agent 
in relining petroleum 


As Ammonium Corbonate 
in making sponge rubber 


AMMONIA FOR FERTILIZERS 
Ammonioted Superphosphates 
‘Ammonium Phosphate 


NITRIC 
ACID 


EXPLOSIVES FROM AMMONIA 


nitrogen from the ammonia combines with 
the iron on the surface of the metal to form 
an extremely hard case over the inner, softer 
core. The interior metal retains its tough- 
ness and thus the qualities of two kinds of 
steel are combined in a single piece. 
Another ammonia compound, ammonium 
chloride, is an essential ingredient of the 
substances used in many of the smoke boxes, 
grenades, and candles that set up smoke 
Screens. ‘These mixtures, when ignited, pro- 
duce a light gray smoke of high obscuring 
power. A smoke box dropped behind a de- 
stroyer will burn for nine minutes or longer 
long enough for a safe getaway or a ma- 
neuver to a new position from which a 
counterfire can be started. An accompany- 
ing chart shows many of the more important 
uses for ammonia, in both peace and war. 
‘The synthesis of ammonia is not a com- 
plicated reaction. The difficulty is to hasten 
the reaction, for at ordinary pressures and 
temperatures, nitrogen and hydrogen just 
won't combine. Long ago, chemists discov- 
ered that when ammonia gas passed through 
a red-hot iron tube, it decomposed into hy- 
drogen and nitrogen. But a close study 
showed that a trace of ammonia always 
remained. Then chemists tried reversing the 
process. They forced nitrogen and hydrogen 
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AND WHAT IT DOES 
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‘Ammonium Sulphate 


FERTILIZERS MADE INDIRECTLY FROM AMMONIA VIA NITRIC ACID 


Sodium Nitrole | Colcium Nitrote (use rorel 


DYE INTERMEDIATES 

NITROCELLULOSE 
vlold 

EXPLOSIVES MADE FROM AMMONIA VIA WN 


Ai Nitrate 


“Ammonium Perchlorate 
Used in smokeless powder 


through a hot tube. Again they got a trace 
but only a trace—of ammonia. They con- 
cluded that, at normal temperatures and 
pressures, the reaction came into equilibri- 
um; no matter where you started, you ended 
with a little bit of ammonia and a lot of 
nitrogen and hydrogen. 

Next they tried the same trick under pres- 
sure. When they got up to 150 pounds 
pressure and 400 degrees C., the equilibrium 
point rose; they got nearly four percent of 
ammonia. At 50 atmospheres (735 pounds 
to the square inch) they could get 15 per- 
cent of ammonia, But the reaction was very 
slow unless they added a catalyst. Haber's 
great discovery was that iron obtained from 
iron-oxide granules speeded up the reaction 
so that it could be run commercially. All the 
changes since that essential discovery have 
concerned three things: improving the cat- 
alyst, developing equipment for the use of 
higher pressures, and developing a cheaper 
supply of hydrogen and nitrogen. Today, half 
a dozen processes are in-use. Some rely on 
hydrogen obtained by breaking up water by 
electrolysis. Others use coke-oven gas, or 
“water gas,” the common illuminating or 
cooking gas, as a source of hydrogen. 

At one of the greatest of our ammonia 
plants, operated by the Du Pont Company 
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Potassium Nitrate 


Nitroceliviose Locquers 
I ACID 
Nitvocellviove 


Picrie Acid INT 


in West Virginia, coke is first prepared from 
coal in coke ovens, Then it is placed in a 
converter, and air and steam are alternately 
introduced, Four gases are thus formed, The 
steam combines with the carbon of the coke 
to form carbon monoxide and hydrogen. 
‘The oxygen of the air likewise combines 
with the coke-carbon to form carbon diox- 
ide, This leaves the nitrogen of the air as a 
fourth gas in the mixture, 

Since the four gases are intermixed in 
this first stage of the process, the problem 
is to separate the carbon monoxide and car- 
bon dioxide, which are not needed for 
ammonia production, from the essential 
hydrogen and nitrogen. The other gases are, 
however, used in the making of other prod- 
ucts. A little sulphur also is present in the 
coke and carries over in the gas mixture 
This must be removed so that it will not 
contaminate and ruin the catalyst later on. 
By an ingenious process the sulphur not only 
is withdrawn but is obtained as a very finely 
divided paste, especially useful as a fungi- 
cide 

To remove the carbon monoxide, the pres- 
sure is stepped up to 300 or 400 pounds per 
square inch and the mixture is treated with 
steam in the presence of a catalyst in a 
converting chamber. The carbon monoxide 
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picks up an extra atom of oxygen from the 
water and becomes carbon dioxide, liber- 
ating more hydrogen. Instead of four gases, 
there are now three. 

Carbon dioxide is removed through the 
use of a novel system possible because the 
plant is in a deep valley alongside a steep 
mountain. The carbon dioxide is dissolved 
in water under pressure, and the water is 
then pumped to a tank on top of the hill. 
Here, at atmospheric pressure, the carbon 
dioxide bubbles out of solution just as it 
does out of ordinary soda water when the 
pressure is released. ‘The purified water then 
flows down the mountain and back to the 
scrubber, where it picks up more carbon 
dioxide. The pressure is maintained at the 
scrubber, at the bottom of the hill, by the 
hydraulic head of water. Thus only a mini- 
mum of power is needed to circulate the 
water through the system. 

Now, at last, the actual ammonia-making 
step is ready to begin. ‘The mixed gases are 
first compressed to about 10,000 or 12,000 
pounds per square inch, They are then 
forced into a converter made of special alloy 
steel and capable of withstanding the un- 
usual combination of heat (500 degrees C.) 
and pressure. Within the converter, the 
catalyst is piled over a series of baffles so 
arranged that the gas must take a long 
route through the material. This insures 
the highest possible degree of conversion in 
the shortest time, The catalyst consists of 
granules of reduced iron oxide with a small 
admixture of other materials, such as alumi- 
num oxide, called “promoters” because they 
increase the activity of the catalyst. The 
first hydrogen that passes through the con- 
verter burns away the iron oxide, leaving 
pure iron granules. These become extremely 
porous, thus providing a maximum surface 
for contact with the gases, 

This catalytic converter is the heart of 
the synthetic-ammonia process. Into it go 
hydrogen and nitrogen in proper propor- 
tions. Out of it comes ammonia gas, which 
can be cooled and compressed to liquid am- 
monia. At the Du Pont plant, the ammonia 
does its own cooling. As it comes out of 
the converter, it is piped to a large, insulated 
spherical tank. A continuous pump takes 
the ammonia vapor from the top of this 
tank and compresses it back into the liquid 
state, after which it is again forced back 
into the sphere. Under these conditions, the 
liquid ammonia is maintained at pressures 
only a little greater than that of the outside 
air. Its temperature, however, is kept near 
its normal boiling point, —28 degrees F. For 
shipment, ammonia is pumped into specially 
constructed, cork-insulated tank cars. 

The most familiar uses of ammonia con- 
sume only a small fraction of the total an- 
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nual production. Spirits of ammonia in the 
medicine chest and ammonia dissolved in 
water for cleaning purposes are the most 
common everyday uses. Ice plants, brew- 
eries, cold-storage houses, and industrial 
plants use ammonia for refrigeration. House- 
hold refrigerators commonly use other liq- 
uids, which may not always be as efficient 
but which operate at lower pressures and 
are safer in case of a break in the coils. 
Along with chlorine, ammonia is used by 
many cities for water purification, the com- 
bination having proved more effective than 
chlorine alone. 

One compound of ammonia, ammonium 


AMMONIA TAKES NEW ROLE 


‘OUR clothing, draperies, upholstery 

fabrics, and bed coverings can now be 
made fire-resistant and safe through the 
use of a new compound of ammonia. 
ammonium sulphamate—one of the latest 
developments of this important chemical. 
‘Treatment is as easy as washing clothes, 
and the fire-retardant solution can be 
made simply by dissolving ammonium 
sulphamate (not to be confused with the 
sulphate) in plain water at the rate of 
one pound in one gallon. 

Workers in war industries may treat 
their clothing, from coveralls and hats to 
shoes and socks, with the solution and be 
prepared for emergencies. In the home, 
the treatment can extend to children's 
and adults’ clothing, blankets, linens, 
kitchen towels, ironing-board covers, all 
upholsteries, and both heavy and filmy 
drapes. Although materials so treated 
may be damaged by fire, they are pro- 
tected against bursting into flame and 
spreading a blaze. 

Articles to be treated should first be 
washed or otherwise cleaned and then re- 
paired. For a war worker who may be 
exposed to flames in the course of a day's 
work, some alterations might be made 
profitably, especially in coveralls, which 
should not have cuffs, outside hems, or 
open pockets that could catch flying em- 
ders. Wash goods are soaked in the am- 
monium sulphamate solution until sat- 
urated, with a wetting agent such as soap 
or a soapless cleanser added to help pene- 
tration if the material is new. The articles 
are then dried, and pressed if desired, like 
ordinary washing. 

Nonwashable fabrics are hung on a 
clothesline and sprayed or brushed thor- 
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carbonate, is used for making the sponge- 
rubber cushions once used for autos and now 
employed for a number of military purposes. 
‘The heat of vulcanization turns this chem- 
ical into ammonia gas and carbon dioxide 
gas, inflating the rubber into a spongy, por- 
ous mass and causing it to rise and fill the 
mold, 

A strange use of ammonia is as a source 
of hydrogen. It may seem odd that, after 
all the trouble the ammonia makers take to 
get hydrogen into their synthetic ammonia, 
they should turn around and offer the prod- 
Uce as a source of hydrogen, The answer 
lies in the ease with which it can be trans- 


ported. One standard, 100-pound cylinder of 
ammonia yields 3,400 cubic feet of hydrogen, 
which would require 17 cylinders if it were 
to be shipped in the ordinary way. 

More important than any of these uses, 
except the war uses today, is the conversion 
of ammonia into fertilizers. Synthetic am- 
monia has materially reduced the cost of 
fertilizers while encouraging a vast increase 
in the amount used by American farmers. 
Many of the new synthetic materials em- 
ploy ammonia directly or indirectly, partic- 
ularly the urea plastics, nylon and Lucite. 
One of the newest uses for ammonia prod- 
ucts is described below. 


IN A COMPOUND FOR MAKING FABRICS FIRE-RESISTANT 
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Shirts and other washable articles may 
bbe immersed in a solution of ammonium 
sulphomate to be made fire-resistant 


Rugs and similar furnishings 
low ond cllowed te dry in the shade 


Other articles, such os the leath loctat 
obove, are brushed with the sol 
should be covered thoroughly insid sant 


Nonwoshable clothing alto may be 
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Letroit- Moves into Your [tome Lown 
hr Help in Building Guns 


SHOPS BY THE THOUSANDS 
THROUGHOUT _ INDUSTRIAL HOW DETROIT TURNS OUT 


AMERICA FEED PARTS TO 
THE GREAT ARSENAL CITY TURNING 
THE 
By HICKMAN POWELL BARREL 


Photographs by H. Marple 


‘HIS war has so speeded up 
and complicated our lives that 
we tend more and more to do 
our thinking and talking in 
shorthand, in catch phrases. 
“Pearl Harbor,” for instance, 
has become a national symbol 
for initial frustration, humilis 
tion, and determination to exact 
satisfaction, And since Pearl 
Harbor we have come to talk of 
“Detroit” as a symbol for what 
a punster might call conversion 
and national salvation. 
‘The Detroit we speak of is, of 
course, the entire automotive 
manufacturing industry, con- 
verted to war production. But 
unless we are careful, we are 
likely to think of it as one city 
—especially since censorship 
frowns on the identification of 
towns where munitions are made. 
Actually, if you live anywhere 
in the Northern industrial area o ‘ 
from east of the Allegnentes to fa oe onen sar oe sen ee vac fe 


the Mississippi basin, the odds Olds plant with « hel dy through the cent 
are that some segment of De- ‘ond ore checked first for straightness of forging and hole 


2 ahuge 


are set for 


which (below) 


4 On 3g steel backbone 
holding two cutting 
fools, a self-centering 
boring head is built up 
of two half cylinders of 
Babbitt metal. These 
are turned .002 inch 
smaller than the bore to 
be cut in the gun barrel 


7 Ordnance inspector 
examine the rifling 
in detail with the 

of a boroscope, which is 
on instrument having an 


@ light, and @ mirror to 
permit ‘close scrutiny of 
all points in the bareel 


RIFLING 
THE 
BARREL 


inside the bore efter completion 
eoming, ond honing. This is done by 
jes of 18 broaches through the borrel 


5 Wooden plugs ore 
inserted in the bor- 
ing head ond tuned to 


2 diameter .010 inch | 


larger than that of the 


shiek doenns of honing 
stones are set in the 
spiral form shown in 
the photograph below 


(left above) by which 


One of the most precise operations in making the 75-mm. gun is in turning the threads 
it is loter attached to the breech ring, Simultaneous milling 
of the two sides of the breech-ring pi 


from @ rough forging is shown at the right 


Machine operations have reduced the time on 
the breech ring to one tenth of that formerly 
required ond cut hand-finishing to @ minimum 


troit is in your own home town—fabricating 
some precision part for a complex item that 
will become merely part of a complex fight- 
ing machine 

The city of Detroit is the nerve center, 
the command post, of a vast, far-flung or- 
ganization of brains and skill. It has become 
even more so since, a few months ago, the 
Army Ordnance Department at Washington 
split off all its offices having to do with 


tanks and transport equipment and set up 


ITT 


Breech ring ond tube threads are both accurately 
milled, and when they are screwed togother the 
ring is in precise relation to the tube markings 


the Tank Automotive Center in Detroit with 
a military and civilian personnel of 4,000. 

But the command post is not the best 
place to watch a war, and neither is one of 
the big spectacular war plants the best 
place to understand production. Close to 
Detroit, for instance, is the Detroit Tank 


Arsenal, as exciting a war-industry sight as 
you might hope to see. Here are acres 
of machines making transmission gears. 


Through other acres the overhead cranes 
lightly swing great cast tur- 
rets and welded hulls from 
station to station, while 
workmen machine their pre- 
cision parts. And on the 
final assembly line there 
suddenly appears, as if by 
magic, a host of other parts 

guns, engines, tracks, and 


Acres of space are devoted to 
precision work on the big 75, 
but the final ossembly line, af 
left, is only 75 feet long—a 
departure from the old complex 
assembly lines for outomobiles 


Billets for the shells ore heated in o 
bottery of induction furnaces to about 
2,350 degrees in just un minutes 


Each machine has a block of punching dies (left) and female dies (above) 
that carry a billet through the various changes shown at the right. The 
billet, starting os an 18-inch blank 2% 
an {i4cinch shell with a 3/i-inch out 
cavity. Metal clipped off goes into another amall forging. The nose 
of the shell is closed in a cold press, and machining is then completed 


Tongs hold the billet os it is removed 
from the furnace and swung, still hot, 
into @ punching machine for shaping 


all the secret inner workings of the turret. 

It is an exciting experience to watch these 
great, complex engines of war take shape 
and roar off to the proving grounds; but you 
can’t understand a river by looking at its 
mouth. It was with some such thought in 
mind that I recently got on a train in Detroit 


. TELLTALE 


BARREL oor 


Straightness of barrel 
final boring with the telltale, a tool- i having o 
rateting wheel on the end placed in the barrel. Any bend 
shows up on a dial as the wheel runs around inside the tube 


FULCRUM 


ning and before 


When 2 bend is found, the imperfect barrel is sid under @ 
press and straighte in .003 inch before reaming 
ond rifling is begu 1g and straightening operations 
shown above are being done on a 20-mm. cannon for plane 
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and rode two hours to take a close look at 
what they were doing at the Olds Works of 
General Motors. 

Olds is a specialist in weapons, in stings 
for the hornet, and its various units cover 
better than 100 acres. It makes shell casings 
for the 75's and 105’s by the millions. It 


turns out a flood of 20-mm. cannon 
for Mustangs and Spitfires, 37-mm. 
cannon for Airacobras, and 75-mm, 
guns for M-4 tanks. You get 
some idea of the rate of production 
from the continual, intermittent 
roar of aircraft cannon in under- 
ground testing tunnels, 

Olds first got into war industry 
in 1940, turning over its new No. 1 
forge plant to the manufacture of 
shells. As indicated in some of the 
pictures accompanying this article, 
this plant is itself something of a 
marvel of mass production. Olds 
was so successful that it is now op- 
erating five great shell forges in 
Michigan, Missouri, and Wisconsin, 
turning out a fantastic number of 
millions of projectiles. But forging 
steel shells is a relatively simple 
procedure. It was in the precision 
work of making guns that Olds met 
the real test. 

In April, 1941, the Olds Works 
first tackled the delicate art of the 
gunsmith, and six months later, just 
‘a few weeks before Pearl Harbor, 
the first guns came off the assem- 
bly line. They were the M-2 version 
of the 20-mm. cannon, based on the 
British Hispano Suiza, for installa- 
tion in the leading edge of a pursuit 
plane's wing. As automatic guns 
go, this is relatively simple, for it 
needs no aiming mechanism; but 
its 115 pounds of steel include 127 
parts, each of which must be ma- 
chined to the gnat's eyebrow. It 
must fire a burst at an average of 
600 rounds a minute, and never jam. 

To machine that many parts in 
mass production would have taken 
a vast new plant if Olds had tackled 
the job alone. Instead, the company 
called in 500 representatives of out- 
side shops, showed them blueprints, 
specifications, and models of the 
127 parts, and asked them what 
they could make, The upshot was 
that 124 of the 127 parts were 
farmed out to other shops—many 
of which had never tackled any- 
thing so precise and complex be- 
fore. Olds set up trouble-shooting 
teams of technical and production 
men and (Continued on page 198) 
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PAFTSMAV in DOVE 


Assembles Skeletons 
of Prehistoric Birds 


ASTER of one of the most dif- 

ficult of all handicrafts is 
Eugene J. Fischer, osteologist of 
the Los Angeles County Museum, 
who applies his skill to reconstruct- 
ing the skeletons of prehistoric 
birds. Often working with only frag- 
mentary bones, Fischer matches 
the parts, repairs those that are 
damaged, and reconstructs those 
that are missing. The authentic 
bones with which he works come 
from an amazing storehouse of nat- 
ural history—the La Brea tar 
pits, where prehistoric birds were 
trapped when their feet touched 
the sticky substance. Besides bones 
of 50 mammal species, the pits have 
yielded skeleton parts of 110 kinds 
of birds, of which 18 are extinct. 
Bones are classified by Dr. Hilde- 
garde Howard, curator of avian 
paleontology. 


Photographs by A. Briss 


Under the wide eye of o Hypomorphaus fragilis skeleton, 
E, J. Fischer rebuilds port of o skull with papi 


Classifying the bones and making a record of those used 
in mountings is done by Dr. Hildegarde Howard, curator 


Parts ore held in place by stings fied to a frame. Here 
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FLUORESCENT LIGHTING from a 
small tube about five inches long is 
the feature of this new magnifying 
stand carrying a five-inch lens. The 
stand is brought out by The Stanley 
Works, of New Britain, Conn., in 
both hand and bench models, and is 
designed for use by machinists, tool 
makers, and inspectors. 


BROACH SHARPENING is now done 
more quickly with a machine whose 
grinding head can be adjusted to 


any required angle. Made by the 
Colonial Broach Co., of Newark, the 
machine can handle flat broaches 65 
inches long between end teeth, and 
round broaches up to 72 inches be- 
tween centers, 


DUST COLLECTING, to protect both 
the workman and the material being 
ground or polished, is done by a cur- 
rent of air which is sucked down 
through the grille of this workbench. 
Made by the Wolverine Equipment 
Co., of Cambridge, Mass., tht col- 
lector filters the dust-laden air and 
returns it to the workshop. No pipe 
connections are required, as the unit 
is entirely self-contained. 
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SPRAY GUNS made 
of plastic are being 
manufactured by the 
Eclipse Air Brush 
Co., of Newark. 
Bakelite is used in 
the body of each gun, which 
weighs a quarter of a pound less 
than the aluminum gun it re- 
places, and is said to be un- 
affected by thinners or solvents. 
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One narrow strip of stiff poper can be 
made into a clever "helicopter" os shown 
in the drawing. Cut along the solid line 
‘and fold along the dotted lines. Weight 
the lower portion with staples, paper 
clips, or a nail to make the model stable 


You Can 
Learn 


from Models Made 


By LOUIS TEICHMAN 


IMPLE paper airplanes that you can 
build in a few minutes can serve as val- 
uable models in illustrating many funda- 
mental principles of aeronautics. With them 
you can see in action characteristic features 
of such designs as the airplane, glider, fly- 
ing wing, helicopter, and autogiro. The 
drawings on this and the following pages show 
the steps in making three basic models—the 
“helicopter,” “glider,” and “flying wing.” 
With models like these, you can study the 
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See Lina paper model 
Cece be principle 


secrets of Flight 


with Scissors and Paper 


effect of wing loading, the reason for dihe- 
dral, the operation of ailerons, rudders, and 
elevators, the importance of correctly lo- 
cating the center of gravity, the use of wing 
flaps, the effect of increasing wing camber, 
and other aerodynamic principles that are 
necessary for a sound understanding of the 
nature of flight. 

You may drop, for instance, the “heli- 
copter” from a height and see the rotating 
blades retard its descent. The blades of a 
true helicopter are power-driven, and though 
your model might be more accurately called 
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in making “glider” 
+ of paper. After the 
led, a staple or pop 
firmly. At right, # 
ing tried to determine prope 
location for a model's center of gravity 


a “gyroplane," of which the auto- 
giro is the most familiar example, 
its downward movement is that of a 
helicopter, power off, windmilling 
to a glide landing. 

A plane's speed is governed in 
part by wing loading, which is its 
weight divided by the surface area 
of its wings. The greater this wing 
loading is, the greater the speed 
must be to keep the plane in the air. Exam- 
ples are the light weight and large wings 
(low wing loading) of a slow primary 
trainer and the relatively small wings and 
greater weight (high wing loading) of a 
fighter with its oversize, high-powered en- 
gine and burden of guns, ammunition, 
armor, and fuel. 

Make several glider models of the same 
size and shape, one of onionskin or tissue 
paper and one each using one, two, and three 
thicknesses of typewriting paper, for a 
study of the effect of changing weight for 
the same wing area, Then make two more 
models of the same kind of paper, one with 
wings as in the drawing and the other with 
the last fold shifted to form a wider wing. 
‘The model with the larger wing surface 
(lower wing loading) will travel consider- 
ably more slowly. 

Dihedral—mounting wings on a fuselage 
so that they tilt slightly upward—helps to 
produce lateral stability. Fold the wings of 
@ glider downward, and it will very likely 
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roll over and over in flight, but if the wings 
are folded up and away from the fuselage, 
they will counteract this tendency and keep 
the model flying level. 

‘The location of the center of gravity con- 
tributes to longitudinal stability. Mount a 
small nail or brad between the wings of a 
glider, keeping it in place with a staple, and 
watch how it affects the flight when shifted 
back and forth. You will find that the model 
flies well only when its center of gravity re- 
mains within certain limits in relation to 
the wings. 

Directional stability—ability to fly in a 
straight line—depends on the fuselage and 
fin. Comparison of the paths of flights of the 
glider model, which has a relatively long 
fuselage, and the flying wing, which has 
none, offers a good example. 

For ailerons, bend the rear edge of one 
glider wing up and the other down, and the 
model will fly in a circle. If the bends are 
reversed, the rotation will be in the opposite 
direction. Bend both of the rear edges up or 
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down to show the effect of elevators. In the 
former case, the wind against the upturned 
surfaces will cause the tail to go down and 
the nose to rise, while the glider will dive if 
the edges are bent down, 

To study the effect of a rudder, bend the 
tail end of the fuselage of another glider to 
the left. Your model will go into a spin 
toward that side. ‘This can be counteracted 
by aileron control—bending the rear of the 
right wing up and that of the left wing 
down. A few trials may be necessary to get 
the proper correction to make the model 
turn evenly toward the left. In this test, the 
aileron controls are used opposite to the way 
they would be used on a plane because your 
rudder is under the wings. 

The directional stability of your flying 
wing can be improved by adding a boom, 
or fuselage, as shown in the drawings. 
Bending the end of this boom upward will 
help still more. Make several flying wings 
as nearly alike as possible and provide each 
ith the inserted fuselage. Cement together 
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By carefully following the letters in 
these drawings, you can fold a sheet of 
Paper into "flying wing” without much 
ificulty. For some demonstrations a 
fuselage will be needed, while for some 
ethers ailerons may be made, at below 


the upper and lower surfaces of one model's 
wing so that it lies perfectly flat, and sep- 
arate the wing of another by pushing in at 
the ends. The wing with the curved surfaces 
(camber) should stay in the air longer and 
fly more slowly than the flat-wing model. 
Cut flaps in the lower surface of the wing 
of a third flying-wing model and bend them 
down. This should make the model sail 
more smoothly than one which has not 
been treated in this way. 

With a little experimenting, you can add 
to these ideas and demonstrate many other 
aeronautical principles, including such spec- 
tacular feats as loops, rolls, and other 
aerobatics. 
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What the Inventors Are Doing 


Apsust- 
ABLE tackle 
that suspends a painter or window 
washer from a roof and allows free 
movement over a large area has 
been invented by Rox D, Penlon, of 
San Francisco. Pulleys are hooked 
over the coping and to a safety belt. 
‘The worker moves along the wall 
by manipulating the rope lengths. 


HUMAN SPIDER’S WEB 


SIDESWIrE protection as well 
as that for front and rear-end 
collisions is provided by a shock 
absorber developed by Owen D. 
Premo, of Muskegon Heights, 
Mich. It acts as a bumper going 
all the way around a car. Sec- 
tions at the 
wheels are re- 
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‘ORDINARY coat hangers may be turned 
into tie racks with the simple addition 
of an adapter devised by H. S. Lazarus, 
of St. Louis, Mo. This adapter is a stiff 
board with a half dozen circular holes 
that hold individual neckties and keep 
them from wrinkling or sliding together. 
A hanger is attached by pushing its 
ends through vertical slots. 


DRAINS of kitchen sinks may be kept 
free-running by using disposable strainers 
designed by Isabelle R. Platte, of Water- 
ville, Conn. These strainers resemble per- 
forated paper cups and are shaped to fit 
snugly within a drain hole. A tab inside 
the upper rim provides a convenient han- 
die for removing one when it becomes 
clogged with ref- 
use, to replace it 


with waOtbae: DISPOSABLE STRAINER 


Hostery and other delicate 
fabrics may be measured for 
relative sheerness by light 
passing through them in an instrument 
patented by Jerome Barney, of Bethle- 
hem, Pa, A concentrated light beam of 
known intensity is projected on the 
fabric, while a standard light meter 
converts to electric current and registers 
on a dial that part of the light that 
passes through. Results are instantane- 
ous and constant in contrast to the 
tediousness of counting threads and 
loops through a magnifying glass with 
possible differences in visual judgment. 


POPULAR SCIENCE 


Self. 


a 
opelled Artillery ? 


If's any American Invention 


ch high-velocity gun on 
M-10 self-propelled mount will disable any tank at 


2,500 yards or more. The M-10 is foster than most tanks 


That Stalk Their Targets 


U. S. ORDNANCE ENGINEERS TAUGHT THE GERMANS HOW TO 


PUT CANNON ON MECHANIZED MOUNTS . . 
BEATING THEM AT BUILDING THESE “ 


By ARTHUR GRAHAME 


UR self-propelled artillery, first spot- 

lighted by the outstanding perform- 
ance of our mechanized 105-millimeter gun- 
howitzers on their initial appearance in the 
fighting on the North African desert, is go- 
ing to play an increasingly important part 
in the winning of the war. 

Many Americans who read of how our 
M-1's, lend-leased to the British Eighth 
Army, blasted Rommel's Afrika Korps tanks 
into fire-blackened hulks in the Battle of El 
Alamein thought back to the early days of 
the current struggle, remembered that the 
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. AND NOW WE'RE 
WEAPONS 


URPRISE” 


Nazis had used self-propelled guns effective- 
ly in their Polish, French, and Balkan cam- 
paigns, and took it for granted that mount- 
ing cannon on self-propelled carriages in- 
stead of hauling them behind horses, trucks, 
or tractors was a German innovation which 
we successfully copied. 

But self-propelled artillery most emphati- 
cally is not a German innovation. It was 
pioneered by the U. S. Army over a quarter 
century ago. 

Our Army Ordnance Department built the 
world’s first self-propelled gun. During 
World War I it built a considerable number 
in various calibers. f 120) 
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‘TRUCK-DRAWN GUN SIGHTS ENEMY TANK 000 YDS. AWAY 


WHY SELF-PROPELLED? IN 30 SECONDS A TANK DOING A 
DARE SIRS SANT ONS” 
IT TAKES A GUN CREW ABOUT 40 seconos VANCE ABOUT 400.705, AND THEN 
Fo Uncinbel SUG mie Pitoanere Pike HAVE 19 SECON 


= GOOYDS- = 400Y0s- > 
SELF-PROPELLED GUN SIGHTS TANK IF THE TANK ATTEMPTS TO RETREAT 
1000 YDS, AWAY AND IS READY TO FIRE OR MANEUVER, THE SELF-PROPELLED 
IMMEDIATELY, BECAUSE SELF-PROPELLED GUN'S GREATER SPEED PUTS THE 
GUN CREW HAS BETTER VISION, ITS FIRE IS TANK AT A DISADVANTAGE 


MORE LIKELY TO BE ACCURATE THAN 
THAT OF TANK 


< 1,000 vos. > 


Self-propelled guns bear out the theory thot the way to beat o tank to the punch and to 
do s0 with a heavier punch. Our latest tank destroyers can do just that. With their guns pointing 
forward, they are ready to fire at any moment and often can finish the job while out of enemy range 


HOW MODERN SELF-PROPELLED WEAPONS NOW PERFORM 


Mounted on a %-ton truck body, 
the 37-mm. gun at the left can be 
put into action in o hurry, and con 
get away fost. No time is lost 
wheeling the piece into position 
and unlimbering it from the truck, 
as in the case of a towed weapon 


Below it shown the "37" (at left) 
beside the three-inch high-velocity 
gun, both on towed carriages. The 
three-inch is approximately the 
same coliber as the "75," but hos 
a longer barrel which’ helps to 
give it its terrific punching power 
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VELociT" 


8. PRO. 
TANKS UP TO 2,000 YDS. 


BATTERIES OF M7's CAN CLEAR THE 
WAY FOR THEIR OWN TANKS BY DESTROY- 

ING ENEMY ANTITANK WEAPONS, OR 

PROTECT THEM AGAINST ATTACK 


poo Ole as A HowmzeR, 1Ts Higne 
- Broce Fie naeces 7 To Strack 


ae TANKS PROTECTED FROM DIRECT FIRE Wee, 
- = sale 
12,500YDs. | 


THE M7 OUTGUNS,OUTSPEEDS: 
AND OUTMANEUVERS ENEMY 
MEDIUM TANK 


ITS .50 CALIBER MACHINE- 
GUN IS AN EFFECTIVE 
WEAPON AGAINST LOW- 
FLYING PLANES OR ENEMY 
PERSONNEL. 


Miscalled both a tank and a tank destroyer, our M-7 105-mm. self-propelled gun-howitzer is really a 
mechanized support gun for armored divisions and an ideal all-purpose weapon. Nicknamed "The Priest" 
by the British becouse of its pulpit-like machine-gun mount, it helped to blow Rommel out of Egypt 


THE TASKS OF FIELD PIECES THAT MUST BE TOWED 


These are the shells that the two 
types of guns spit whether they 
are mounted on self-propelled ar 
towed ca wge repel. 


for the larger weapon 
fs projectiia. through 
# ormor at long range 


feelatidie ct a tek it pede 
wallop that gives it 2 substantial 
edge over the Nazis’ touted "88." 
Full tracks take it anywhere, fost 
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After that war it continued the develop- 
ment with such success that in 1920 the 
Westervelt Board of experts appointed to 
redesign all our Army artillery weapons 
reported that it had eight models of self- 
propelled guns of from 75-mm. to 155-mm. 
caliber under test or under production, and 
that in weapons of this type our Army was 
far in advance of all the others in the world. 

Then, in the early 1930's, we threw away 
the invaluable lead which had been won by 
the inventiveness, ingenuity, and hard work 
of our Ordnance officers and the civilian 
automotive experts who had worked with 
them. The principal cause was the niggard- 
ly Congressional appropriations which made 
further experimenting practically impos- 
sible; between 1920 and 1933 the Army was 
able to spend only $2,000,000 for experi- 
mental work in all branches of mechaniza- 
tion, including the development of the tank. 
But a contributing factor was the belief held 
by some high-ranking artillery officers that 
the little money available would be better 
spent on the improvement of our horse and 
truck-drawn artillery than on the develop- 
ment of the newfangled self-propelled 
mounts which they thought would never 
carry a gun onto a battlefield. 

Some of the men who were busy rebuild- 
ing the military machines of Europe were 
better at seeing what was ahead. Especially 
the Germans. In the 20's Germany had only 
a small army and smaller means of develop- 


ing it, but the German military attachés 
stationed in Washington evinced strong curi- 
osity about our experiments with self-pro- 


Se 


the mighty 
'55-mm. gun, has now appeared in’ battle on its 

propelled mount. One was being developed 
for it before we entered the war. Below is an 
ortisi’s conception of the gun on a tank chossis 


Drowing courtesy Collier's Mogezine 


This multiple-purpose weapon is 

sm-tonk body and con tr: 

Shown at right os it 

be used for di 

gun or for a borra: its .50 caliber 
gun (below) is anticircraft defense 


gun mounted on a chassis made 
France. This gun, in practically 
new condition, was captured by 
the British os they chased Rommel 


Sithovettes from Army Orient 


n Course posters 


pelled artillery. With our usual peacetime openhanded- 
ness, we gave them information which their own govern- 
ment would have guarded jealously as a vital military 
secret. The use they made of that information became 
apparent when the Nazi propaganda film “Sieg im 
Westen” was shown here in the spring of 1941, One of 
its sensational features was a self-propelled medium 
howitzer which was shown lurching through the streets 
of a French town and blasting down defended walls and 
buildings for the German infantrymen who followed. 
American officers who had been familiar with our early 
self-propelled gun mounts rubbed their eyes in astonish- 
ment. That Nazi self-propelled howitzer carriage was 
so much like our Mark VII motor carriage built in 1919 
that they looked like twins. 

Germany started this war with a long lead 
in self-propelled artillery, but the Nazi 
weapon makers haven't been able to hold 
their initial advantage. Open-minded tests 
made at the Aberdeen Proving Ground of 
recently captured German self-propelled 
guns show that they have been improved 
only slightly since the beginning of the war. 
Our Ordnance Department, making a new 
and late start but building on the solid foun- 
dation of the experience gained through 
several years of earlier development, has 
gone far ahead of the Germans. Right now 
we have the world’s best self-propelled guns 
on the fighting lines—and, in all probability, 
we have more of them than the Germans 
have. Our excellent 105-mm, M-7's and half- 
track tank destroyers armed with 75-mm. 
high-velocity guns are only the forerunners 
of the American mechanized artillery might 
that is on the way. Already more potent 
self-propelled weapons are beginning to roll 
off Detroit's roaring assembly lines. 

Before we entered World War I the fight- 
ing in France had shown the necessity for 
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mobile antiaircraft guns, and in trying to 
meet this need our Ordnance Department 
mounted a 75-mm. gun capable of high- 
angle fire on a White truck. This makeshift 
was the first self-propelled gun of which 
there is record. Shortly after we got into the 
war, 200 of them were built. A few were 
used in France, and some were kept in 
service until only a few years ago. 

In 1917 our Ordnance officers, assisted by 
J. Walter Christie, former race driver and 
pioneering automotive engineer, produced 
the world’s first real self-propelled gun—a 
three-inch antiaircraft gun mounted on a 
low-slung, four-wheeled carriage propelled 
by a gasoline engine. Caterpillar tracks 
soon replaced the wheels, and the mount 
proved highly satisfactory. 

Shortly after we entered the last war, 
work was started on a self-propelled mount 
for heavy guns. In 1918 the Christie motor 
carriage for the eight-inch howitzer was 
produced, many Holt caterpillar tractor 
parts being used in its construction. It 
weighed 17 tons, and a 120-horsepower gaso- 
line engine gave it a top speed of 16 miles 
per hour. It had rubber-tired wheels, the 
center ones independently sprung, and re- 


75-MM. GUN MOTOR CARRIAGE, M-3 


Here is the famous holf-track. It con be used 


for either 


the lender it ready, foram a hell bom 


he takes o shell out of its storage compartment 


light gun con travel foster thon 55 
ght jes. protection 
e crew against the fragments from bursting shells 


MM. GUN ON %-TON TRUCK 


movable caterpillar tracks, Tests 
proved that it could be maneuvered 
easily over difficult ground, and 300 
mounts, to be delivered early in 1919, 
were ordered—250 for the 240-mm. 
howitzer, 50 for the eight-inch how- 
itzer, and 50 for the 155-mm. gun. 
When the war ended, all the orders 
were curtailed and only a few experi- 
mental models were built. 

During the course of World War I 
the French did considerable develop- 
ment work on track-laying artillery 
carriages, and finally produced the St. 
Chamond mount for heavy howitzers. 
‘This carriage was built in two units. 
One of them carried the howitzer, The 
other, a limber, carried the gasoline-engine 
power plant and ammunition. The limber 
could be driven into cover while the gun 
was in action. The St. Chamond didn't get 
far beyond the experimental stage, The 
British built 50 tanks designed to carry six- 
inch howitzers which could be fired from the 
tank or, with more accuracy, from the 
ground. They were not successful. The 
British did not build any real self-propelled 
guns, There is no record of the Germans 
having even experimented with self-pro- 
pelled artillery. 

After the war, our automotive-minded 
Ordnance officers continued their efforts to 
produce satisfactory self-propelled gun 
mounts under the direction of Col. Lucien 
B. Moody. Among the workers were Maj. 
Gen. Levin H. Campbell, Jr., the present 
Chief of Ordnance, and Brig, Gen, Gladeon 
M. Barnes, now in charge of ordnance de- 
velopment, who then were captains, and 
Cols. B. C. Lewis, W. A. Capron, and H. W. 
Alden. Among the civilian engineers who 
did valuable work were Carl Bock, now 
chief engineer of the General Motors Truck 
Company, and W. F. Beasley and D. A. 
Gourney, both still (Continued on page 207) 


This wos the first really sel 
propelled gun, The can 
was built in 1917 by Christi 
a veteran race driver, who is 
at the wheel in this picture 
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Also built about 1920 was this 5¥/-ton caterpillar 
tractor mounting @ 105-mm. howitzer. Corrioges 
similar to this per hour, which was 
he speed was reduced 


From the Album 
of American 


Self-Propelled 


+ & W. F. Bootle 


In 1921 two of these corriages were built 75-mm. 
gun ond 105-mm. howitzer. They had both tires and tracks 


At left is on early 75-mm. tract 


since they could be fired os soor 


‘The big motor carriage mounting the 155-mm. gun below was 
2 1921 model. A similor one carried an eight-inch howitzer 


By RALPH ROGERS 


OST common of clutch troubles is the 
“slipping” clutch. This may be due 
to any of several things, including a 
worn facing on the driven plate, improper 
installation of the clutch facings, oil-soaked, 
torn, or improper type of lining, weakened 
or broken clutch pressure springs, worn 
splines on the clutch gear, a clutch lever 
that is improperly adjusted, and an incor- 
rect assembly of the clutch cover parts. 
However, the most common reason is that 
the clutch pedal has little or no free play. 
In other words, there is not enough free 
travel in the pedal before the clutch actual- 
ly goes to work. An explanation of how a 
clutch works will reveal both the cause and 
the cure of this trouble. Reference to the 
diagram on the facing page will help in fol- 
lowing the text. 
For the past five or six years, most 
clutches built have been of the single-plate, 
dry-disk type, all operating on the same 
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principle. The Hudson clutch is also a sin- 
gle-plate unit that operates in a special oil, 
but instead of the conventional clutch fac- 
ings, the clutch plate is provided with many 
fiat, round, cork disks. 

When a clutch is engaged, that is, when 
the facings are held firmly between the sur- 
faces of the flywheel and the pressure plate, 
all the power delivered by the engine is trans- 
mitted from the clutch plate to the trans- 
mission and thence through the drive shaft 
and rear axle to the wheels. When the 
clutch is disengaged by stepping on the 
pedal, the pressure of the release bearing 
compresses the clutch springs, causing the 
driven plate to free itself from the pressure 
plate and flywheel, and thus disconnecting 
the engine from the transmission. 

‘As the clutch facings wear, the pressure 
plate moves closer to the flywheel face and 
the release levers connecting the foot pedal 
with the release bearing move toward the 
transmission. This causes the inner ends of 
the levers to travel farther toward the 
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transmission, which decreases the clearance 
between the release levers and the release 
bearing. As a result, the free travel of the 
clutch pedal is shortened, until it rides the 
toe board. The clutch then slips constantly. 

‘The clearance between the toe board and 
the point where the release bearing contacts 
the release levers should be maintained as 
specified by the car manufacturer. 

When a clutch grabs or chatters while 
engaged, it may be because of gummy lin- 
ings torn loose from the driven plate, loose 
engine mountings, a scored, cracked, or 
broken pressure plate, improper adjustment 
of the clutch levers, flattened-out clutch- 
plate cushion springs, worn clutch gear 
splines, or a clutch cover assembly that is 
not tightened to the flywheel. 

‘A clutch that drags when disengaged may 
have too much pedal free play. Improper 
adjustment of the clutch levers, a warped 
pressure plate or driven plate, torn clutch 
facings, distorted, burred, or rough clutch 
shaft splines, and a driven-plate hub that is 
too tight on the clutch shaft are other faults 
that may cause dragging. 

If the clutch is noisy when disengaged, 
the clutch release bearing may be damaged, 
dirty, worn or improperly lubricated, or it 
may be binding in the release shaft arms. 
‘The clutch pilot bearing may be defective or 


not properly lubricated. Clutch levers im- 
properly adjusted and rubbing against the 
driven-plate hub may also cause this noise. 

If the noise occurs when the clutch is en- 
gaged, it may be caused by improper align- 
ment of the transmission with the engine. 
This noise is usually noticeable at low or 
idling speeds. A loose hub on the driven- 
plate connection to the shaft splines may be 
the reason, or the hub bolts on the driven 
plate may be loose, or the driven-plate 
damper springs weak or broken. 

Clutch trouble on the Hudson can usually 
be traced to the condition of the corks, 
which may become glazed because the 
wrong type fluid is being used. In that case, 
the clutch should be flushed with kerosene 
and refilled with the proper lubricant, 

Except on torque-tube drive jobs such as 
the Buick, Ford, and Chevrolet, the clutch 
can be removed easily by disconnecting the 
propeller shaft and then removing the 
transmission. Take off the clutch housing 
pan, but before removing the bolts which 
fasten the clutch assembly to the flywheel, 
make a punch mark on both the flywheel 
and clutch cover so that when the clutch is 
reinstalled, the original balance will be 
maintained. 

If replacing only the driven plate, do not 
disturb the adjustment of the release levers, 


Paessune ATE 
PETRACTING SPRING 


:/ 


CLUTCH PILOT BEARING DRIVEN PLATE 


"AND RETAINER 


ruywece PRESSURE PLATE 


Exploded view of a diophragm-spring type clutch. 
The dished of cone-shaped diaphragm spring thot 
shown here as port of the clutch cover assembly 
es the same purpose coil pressure springs do 
in more conventional types of outomobile clutches 
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CLUTCH RELEASE COLLAR AND 


BEARING-RETAINER SPRING 
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(CLUTCH.COVER ASSEMBLY | BALLRETAINER SPRING. 


cures Fork 
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19 clutch 


Above, the parts of a coil pressur 
cover is 


in correct position for assembly. 


because upon their proper adjustment de- 
pends the efficient operation of the clutch. 
If, however, the clutch cover assembly is 
to be dismantled, and the same cover and 
pressure plate are to be used again, be sure 
to punch-mark both of these parts so that 
assembly may be made correctly. 

In dismantling the clutch cover assembly, 
the usual practice—unless a special clutch 
fixture is available—is to mount it on the 
bed of a press with a wooden block under 
the pressure plate, so arranged that the 
cover is free to move down. Then compress 
the cover with the spindle of the press, using 
another wooden block on top of the cover. 
With the cover held under compression, re- 
move the adjusting nuts; then slowly release 
the pressure to prevent the springs from fly- 
ing out. The cover can then be lifted off, 
revealing all the parts. Before completing 
the dismantling operation, make careful 
note of the position of all parts. 

‘When the pressure springs show signs of 
overheating due to clutch slippage, they 
should be replaced. Overheated springs will 
show a pronounced blue color, indicating 
that the temper has been drawn. 

Examine the pressure plate. If its sur- 
face is marred, scored or heat-checked, it 
should be replaced. Grinding a pressure plate 
is seldom satisfactory as proper clearances 
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In taking oport the coil pressure-spring clutch, 
force cover down to remove nuts. Then ease it 
up slowly so the springs inside will not fly out 


Release levers must be adjusted at point A in 
eccordance with manufacturer's specificotions 


cannot be maintained. Satisfactory opera: 
tion depends absolutely upon the accuracy 
of the lever adjustment, for the pressure 
plate must be parallel with the flywheel. 
Just what method is to be used to check 
the position of the levers depends upon the 
equipment available. Regardless of how the 
clearances are measured, they must be uni- 
form to .005” so that they will all contact 
the release bearing simultaneously. If a 
clutch fixture or a proper gauge is not 
available, take the clutch to a clutch- 
rebuilding establishment for adjustment. 


POPULAR SCIENCE 


laws Uy 


THIS MIDGET HYDRAULIC UNIT will repair and 
straighten out almost any portion of a damaged car 
body. It may be carried complete with its attachment in 
a small metal case. The pump weighs 41% Ib. 


LICENSE PLATES for 1943 in 
many states consist of tabs 
mounted on the 1942 plates. The 
tab shown above is made of a 
light laminated plastic prepared 
from a phenolic compound. 
Printed sheets bearing the re- 
quired design are placed on res- 
in-impregnated sheets of paper, 
and under a temperature of 250 
deg. and 1,500 1b. pressure are 
bonded together. 


REMOVING HORSESHOE WASHERS from ‘ 
around the anchor pins of brake-shoe as- . 
semblies is easy with the tool below. A few 

taps at the square end cause the points at N 
the other end to spread apart, forcing the 3 

anchor washer to open, The tool removes > 
any size washer without damage, and the —_ 
part may be used again. 


“= PLASTIC FITTINGS can be used with ordi- 

3 a nary metal tubing in making repairs on gas 

# lines and the like. These fittings have been 
:) shown to be practical for use on oil, gas, 


| 


water, and air lines operating within certain 
temperature ranges. Plastic tubing as well 
as the fittings can be had in a complete 
range of sizes for automobile use. 


OLD SPARK PLUGS are a recognized source 
of easily salvaged strategic metals, and un- 
der WPB regulations, motorists now must 
turn in worn-out plugs when purchasing new 
ones. In one test salvage drive, 7,400 old 
spark plugs yielded a total of 882 Ib. steel, 
39 Ib, copper, 25 Ib. nickel alloy, and 54 
1b. brass. Nothing but a hammer is needed 
to break plugs up so that the different kinds 
of scrap can be separated. Supply officers 
are pleased with the quantity of high-grade 
serap salvaged in this way. 
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USEFUL AUTO HINTS 


DROPS OF SOLDER 
FOR IOENTIFICATION 
OF KEYS IM DARK 


1 CAR KEYS can be easily identified by drops 

of solder. For instance, the gas key 
might have one drop of solder, the ignition 
key two drops, the door key three drops, 
and so on. Tin the surface first to make 
the drops adhere. With this system, keys 
are easy to distinguish from one another 
even in the dark.—W. K. K. 


2 AUTOMOBILE STICKERS, inspection tags, 
stamps, and the like should be placed on 
the windshield in such a position that they 
will not conceal other cars or pedestrians. 
If they are placed near the center at the 
very bottom of the windshield, in line with 
the hood of the car, they will in no way 
obstruct the driver's view, and may still be 
seen clearly from outside.—G. J. K. 


3 AN INGENIOUS HOLDER for hanging clothes 
in a car can be improvised on short no- 
tice. Take a piece of rope about 6” long, 
double it, and tie the two ends together. 
Place the knotted end outside the window. 
‘When the window is closed on the rope, the 
part hanging on the inside forms an ade- 
quate loop for a hanger.—T. D. 


4 SCUFF PADS placed as shown in the draw- 
ing will protect your car's upholstery. 
The pads are made of artificial leather or 
other durable material. Cut them to fit the 
door, bind the edges with tape, and fasten 
with ordinary upholstery pins. The material 
used for this may be matched with the 
upholstery fabric on the door panels of the 
car—J.B. 
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man at the shop door 


By MARTIN BUNN 


"\ AISTER," said a voice at the open shop 
door, “I hear you're a genius. Well, 
T've got a job for a genius.” 

Gus Wilson looked up and saw a fat man 
standing there smiling as he mopped his 
perspiring red face with an oversize hand- 
kerchief. Gus grinned back at him. “It’s a 
bad habit to believe everything you hear,’ 
he observed. “Come in, won't you?” 

‘The fat man came into the shop, stripped 
off his coat, and settled himself comfortably 
in the only chair. “My name's Warren,” he 
announced. “I work in the Johnston and 
Fredericks plant.” 

“Oh, 80 you're the Mr. Warren, are you?” 
Gus said. “Mr, Johnston has been telling me 
about those special machines you've de- 
signed for him. Well, if there's a genius in 
this shop just now, you're it, Mr. Warren. 

Warren waved a disclaiming hand. “I'm 
no genius—far from it,” he said. “Except 
for machine tools I'm just a dumb cluck, or, 
as my young daughter might put it, a drip.” 

“Weil,” Gus told him, “you have it your 
way, and I'll have it mine. But what's this 
job you were speaking of ? 

“It's precisely what I said it was—a 
job for a genius,” Warren insisted. “I 
told Mr. Johnston about the troubles I am 
having with my car. ‘Take it to Gus Wilson 
at the Model Garage,’ he advised me. ‘He's 
a genius at trouble-shooting.’ Well, I'm 
here, and the car is just outside your door.” 

“Fine,” Gus said. “But what's the matter 
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Gus 
Tackles a Job 
for a Genius 


THE MODEL GARAGE EXPERT 
SOLVES A PROBLEM THAT 
HAS EVERYBODY GUESSING 


“That's what I don't know, and what no 
automobile mechanic who has looked at it— 
and I've taken it to a lot of them during 
the past two months—has been able to 
find out," Warren told him. "I do know 
that the engine stalls frequently, but I don't 
know why it stalls. Sometimes it will run 
perfectly for days and even weeks, and then 
without the slightest warning it suddenly 
stops and refuses to restart. Other times it 
will stall half a dozen times in a single day. 
‘Usually, if I let it stand for an hour or 
so, it will restart without any trouble and 
Tun as smoothly as a man could ask. But 
on several occasions I've had to have it 
towed to a garage—and then suffer the em- 
barrassment of having it take off the in- 
stant some supercilious mechanic stepped 
on the starter. Because no one has been 
able to find out what makes it behave as 


GUS SAYS: 


Before summer gets too much of a 
head start on you, better get the dust 
of your air cleaner. You know, 
's often little things that cause a 
heap of trouble—and that's as true 
of a car as it is of life. If you haven't 
changed your oil by this time, better 
not put that off any longer! 
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it does, no work has been done on it. The 
entire matter is a confounded mystery that 
I'm delighted to turn over to you.” 

‘Warren beamed at Gus, settled himself 
even more comfortably, and began to cram 
tobacco into the bowl of a large pipe. 

“Well, I'll bring your car in and do some 
checking,” Gus told him. 

“Ill be highly interested in watching 
you,” Warren approved. “I always enjoy 
seeing a topnotcher at work.” 

Gus went out and got into the ’42-model 
coupe of a popular make that was standing 
at the door. Switching on the ignition, he 
pressed his foot on the starter. The engine 
at once purred smoothly. He drove into 
the shop and got out. With Warren eyeing 
his every move, he checked the ignition and 
the fuel line. Then he went over the engine 
carefully. Everything seemed to be in per- 
fect condition. Puzzled, he shook his head. 

“Stumped?” Warren asked. 

“Stumped,” Gus admitted. “So far as 
I can see, your car is in perfect mechanical 
condition. ‘To find the cause of the stalling, 
Tl have to check the engine after it has 
stalled. Let’s leave it this way, Mr. War- 
ren. The next time you have trouble, don’t 
do anything about it except phone me right 
away.” Gus jotted two telephone numbers 
on a card. “Top number in daytime, bottom 
one at night. I'll tow your car over here 
from wherever it is and check it thorough- 
ly. ‘That way I'll be able to find out what's 
wrong without wasting time guessing.” 

“Pll do that,” Warren agreed. 

It was less than a week later that Gus’s 
bedside telephone jangled once, twice, three 
times in the darkness. Finally its disturb- 
ance hammered through sleep into his con- 
sciousness. He rolled over, propped himself 
up on one elbow, switched on the light, saw 
by his alarm clock that it was three o'clock, 
and finally picked up the receiver. 

A voice at the other end of the wire said: 
“This is Warren. You told me to call you 
the next time I had trouble with my car. 
Well, I'm having it. ‘The engine wouldn't 


start when I wanted to go home. ... What? 
«+. It's right in front of the plant. . . ..No, 
I haven't done a thing to it... . You'll be 


over in half an hour? Good. I'll leave the 
car keys with the guard at the gate—I'm 
going home in a taxi and to bed. Your 
baby now, Mr. Wilson! Give me a call 
when you've got it fixed, will you?” 

Gus yawned and stretched, got into some 
clothes, went downstairs and climbed into 
his car, and drove the few blocks to the 
Model Garage. There he took out the 
wrecker. He drove to the Johnston and 
Fredericks plant, which was running full 
blast. Warren’s coupe was standing at the 
curb in front of the office gate. As he got 
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out of the wrecker, a uniformed guard came 
over to him and said, “You Mr. Wilson?” 
Gus grunted in answer, and the guard 
handed him a couple of keys. 

The first thing Gus did was to turn on 
the ignition and step on the starter. The 
starting motor whirred, but nothing else 
happened. He got out of the car and, using 
his flashlight, made sure that the gasoline- 
tank vent wasn't clogged up and that there 
was plenty of gas in the tank. Then he 
checked the spark plugs. They were de- 
livering good, hot sparks. 

Next, he had a look at the carburetor— 
and found that there was no gas in its bowl. 
ell, I still don't know what the trouble 
is,” he told himself, “but at least I know 
that it’s in the fuel system somewhere be- 
tween the gas tank and the carburetor. 
That's something gained.” 

He towed Warren's car through the de- 
serted streets to the Model Garage and ma- 
neuvered it into his shop. On an impulse he 
couldn’t have explained, he turned the en- 
gine over with the starter a few times, the 
ignition off. Then he looked at the carbu- 
retor again and got a surprise. 

‘There hadn't been any gasoline in its 
bow! when he had examined it in the street 
in front of the Johnston and Fredericks 
plant, but there was plenty of it now. 

Gus scratched his ear thoughtfully for at 
least two minutes before he made his next 
move. That was to get into the car and 
step on the starter, with the ignition on 
this time. 

‘The engine took off promptly! 

“Right back where I started from!” he 
growled disgustedly. “No--not quite that 
bad; I know where the trouble was. Well, 
now, let's see. That carburetor is O.K. now, 
but it wasn’t O.K. when I checked it twenty 
minutes ago, so in all probability it wasn’t 
working right when Warren couldn’t start 
his engine a half hour before that.” 

He examined the carburetor again, but 
still couldn't find anything wrong with it. 
Then he removed it from the car, carried it 
over to his workbench, took it apart, care- 
fully examined and cleaned each of its parts, 
reassembled them, and replaced the car- 
buretor on the car. “Nothing wrong with 
it now, I'll swear,” he assured himself. 

Next, he checked the fuel pump. It was 
working perfectly. Inch by inch he went 
over the fuel line from the gasoline tank to 
the carburetor. It was tight and clean. 

He got back into the car and stepped on 
the starter. Again the starting motor 
turned over without as much as a sputter 
from the engine. 

Exai ation showed that once again 
there was no gasoline in the bowl of the 
carburetor. 
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“Whatever it is,” Gus 
muttered, “it must be in 
the fuel tank—it can’t be 
anywhere else. I'll have to 
take the tank off.” 

He started to do this by 
disconnecting the fuel line 
from the tank, keeping a 
can handy to catch the 
gasoline which he expected 
to gush out of the opening 
the moment the line was 
detached. But only a few 
drops dribbled out. 

Gus turned his flash- 
light so that it shone into 
the opening. In its white 
beam something brown ap- 
peared. He poked at it 
with his finger tip. It 
moved — and gasoline 
spurted out as he had ex- 
pected it would. 

He drained the tank. 
Then, with a piece of fine 
wire one end of which he 
twisted into a hook, he 
began to fish. Before long 
he felt the hooked wire 
catch something soft. Ma- 
nipulating it carefully, he 
worked out a piece of 
wrapping paper about the 
size of a business card. 

About noon, Warren 
came into the shop, smil- 
ing broadly. “I got your 
phone message,” he said. 
“So you lived up to your 
reputation! Well, what 
caused all my troubles?” 

Gus handed him the bit 
of wrapping paper. “That 
did,” he said, “Somehow 
it got into your gas tank. 
Whenever it floated over 
the outlet where the fuel 
line is connected, it cut 
off the flow of gas to the 
carburetor, and of course 
your engine couldn’t run. 
‘When it floated away from 
the outlet, the flow of gas 
was unimpeded, and the 
engine could run.” 

“Simple, wasn’t it?” 
Warren said. “But locat- 
ing the cause of the trou- 
ble wasn’t simple. You 
see, it was just what I 
said it was in the first 
Place—a job for a genius. 
Don't forget that when 
you bill me, Mr. Wilson!” 


JULY, 1943 


lt wos 3:30 A. M. when Gus begon hunting the trouble with a flashlight 
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Easily built drying unit will help to preserve 
the bounty of your Victory garden for year-round 
enjoyment of its vitamins, minerals, and flavor 
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How to Dry Foods at Home 
to Boost Your Wartime Rations 


LONG with millions of other patriotic 
Americans, you probably have a Vic- 
tory garden well under way and soon 

will begin gathering crops. Like them, too, 
you probably will have far more of some 
kinds than you need to supply your family 
table. Part of this surplus you will want to 
can, pickle, and make into preserves, jams, 
and jellies; some items you may wish to 
store in the cellar or in outdoor pits, This 
year it is a good idea to dehydrate some of 
the foods. 

Dehydrated foods keep well and take little 
storage space, 1 Ib. equaling 3 to 12 Ib. of 
the fresh product. Their vitamin value is 
attested by the fact that the Army is pur- 
chasing many dried items. For home dry- 
ing, the U.S. Department of Agriculture 
recommends both fruits and fresh vegeta- 
bles. The fruits include apples, apricots, 
figs, peaches, pears, blackberries, dewber- 
ries, loganberries, raspberries, cherries, and 
plums; the vegetables, sweet corn, shelled 
mature beans and peas, beets, snap beans, 
peppers, pumpkins, squash, and leafy vege- 
tables. 

Home drying with artificial heat can be 
done in a cabinet having removable trays on 
which the foods are placed. Hot air rises 
through the cabinet from a heater under- 
neath it and is baffled around and over the 
trays. These are 5” shorter than the depth 
of the cabinet and are placed alternately 
against the back and front. 

‘To construct the cabinet, make two side 
frames of 2” by 2” stock as shown in the 
drawings. The upper 38” section of each 
frame is covered with 14" stock on the out- 
side and with 14” insulation board in one 
piece on the inside. Slides for the trays are 
nailed across the inside of each face from 
the front edge to within 14” of the rear edge, 
leaving space for a sheet of 14” insulation 
board inside the back. 

This sheet of insulation, measuring 15 
by 38", is tacked to the ends of the tray 
slides to begin the assembly, after which the 
toppiece and cross brace are attached to the 
front posts, and boards are fastened on for 
the back. Attach the top next, putting a 3 
board at the front end, leaving a 3” space 
behind it, and then adding the wider boards 
Top insulation is put on in two sections 
nailed from the inside. 


A removable plywood chimney fits into 
the vent, a 1” by 1” strip across front and 
back holding it in place. Nails driven partly 
through the strips help to keep it rigid. 
They can be withdrawn for removing the 
chimney when the cabinet is to be stored. 


n trays are all alike, measuring 
by 23”, They are made of 14" or \% 

galvanized wire mesh framed on both sides 

y 1” wood strips, but wooden slats 


onstructed of 1” by 
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ompletely covered on the outside with 1" 
cod or other stock and on the inside 
” ~ ‘insulation board, 

Fi., aprons of asbestos sheets or 
sheet meta ‘led permanently to the 
sides and temp-farily to the front and back, 
to protect the stove from drafts and to direct 
the heat upward. A piece of sheet metal 
suspended by wires from the four corner 
posts spreads the heat. The distance be- 
tween the top of the stove and the spreader 
should be at least 2”. 

‘A medium-size kerosene stove will supply 
sufficient heat, which should vary from 125 
deg. F. to 160 deg. F. during the drying 
period of foods. Other types of controlled 
heat, including gas and electric heaters and 
even a battery of light bulbs, may be used 
instead. An electric fan may be included to 
circulate the heat more rapidly. A ther- 
mometer should be used to check tempera- 
tures. 

‘The cabinet is heated before the filled 
trays are put in, and in general the heat is 
increased during the middle stages of dry- 
ing. The drying foods should be moist to 
the touch and cooler than the air flowing 


over them. If they feel hot and dry, the 
drying is too rapid. The time required will 
vary according to the kind of food, the size 
of the pieces, the type of drier, and even the 
weather. Fruits may take from 6 to 24 
hours, and vegetables from 3 to 15 hours. 

The positions of the trays are changed 
every 30 minutes or so during the drying 
period. Remove the top tray and place it at 
the bottom, raising each tray up one place 
at each change, Be sure to alternate the 
trays against the back and front every time 
they are changed so the hot air will travel 
back and forth between them. 

Fruits are ready to be removed from the 
drier when they are leathery and tough, 
and vegetables after they have been dried 
to brittleness. If in doubt, heat them a little 
longer at a reduced temperature. Some 
pieces may not be completely dried when 
the batch is removed. Cull these, as they 
may mold during storage. If there is a pe- 
riod of time between drying and storing, 
reheat the foods to 165 deg. just before stor- 
ing. If during storage there is any sign of 
moisture upon occasional inspection, reheat 
the foods and repack them. 
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‘The various kinds of fruits and vegetables 
require different methods of preparation 
prior to being dried. Some are steamed, 
others boiled, and certain fruits are treated 
with sulphur. One level teaspoon of sulphur 
is used for each pound of prepared fruit. 
‘Wrap the sulphur in paper and place it ina 
shallow tin pan about 7” below the bottom 
tray. Light the paper, which will ignite the 
sulphur and release fumes to rise through 
the cabinet, Be sure to do this outdoors so 
that the fumes will escape harmlessly into 
the open air, While apples, peaches, and 
apricots are usually sulphurized before dry- 
ing, they can also be dried after steaming. 

‘Vegetables should be cooked in steam or 
boiling water before dehydrating. Steaming 
is said to preserve higher food values. If 
vegetables are boiled, only small amounts 
should be prepared at a time. To conserve 
vitamins and minerals, use the same water 
for several lots of the same kind of vege- 
tables and cook as fast as possible to a point 
where they are almost tender. 

Fruits should be mature, but not soft, and 
in prime condition. Apples are washed, 
pared, cored, and sliced. Peaches are peeled 


by dipping into boiling water, then halved 
or quartered, and dried with the pit side up. 
Apricots are dried with the skin on. Berries 
should be picked in early morning and dried 
quickly. They are spread two layers deep 
with a piece of cloth over the trays to keep 
them from sticking. Cherries are pitted and 
drained for about an hour; then they are 
spread in a single layer on the trays. Pears 
are sliced or cut into quarters or eighths. 
If the pieces are not dried immediately after 
preparing, keep them in a solution of four 
teaspoons of salt to a gallon of water. 

Dehydrated foods should be packed in air- 
tight containers, such as coffee cans with 
the tops sealed with tape, tightly sealed 
glass jars, or friction-top cans, and stored in 
a dry place. 

‘The amount of elapsed time between pick- 
ing fruits and vegetables and putting them 
into the dehydrator to dry is important. The 
shorter the time consumed the better, be- 
cause the vitamin value, flavor, and cooking 
quality will be higher. 

‘When preparing the foods for table use, 
soak them from 14 to 6 hours, adding as 
much water as necessary, and cook them in 


Heat from an ordinary oil stove is sufficient to 
dehydrate freth fruits ond vegetables. A metal 
nt scorching of the lower tray 


spreader will pre 


Sulphuri 


fruits, The sulphur may be burne 


Foirly constant temperatur 
Check them with a thermometer kept on the bottom 
troy. Stogg 


before drying is advisable for some 
in @ small tin 


must be maintained. 


ing the trays aids the hot-air flow 


Peaches ore halved or quartered for dehydrating; 
beans are sectioned and laid on a piece of cloth 
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the same water. Dried greens do not re- 
quire any soaking. Cook these in salted 
water until they are tender. 

Almost every fruit and vegetable calls for 
a different method of preparation as well as 
different drying time and temperature. The 
Department of Agriculture offers at a nom- 
inal cost (5 cents) Farmers’ Bulletin No. 


Longhorn Rack 


|ONGHORN cattle are almost a thing 

of the past, but this wooden replica 
of a steer’s head forms a unique tie 
rack, It should be made of straight- 
grained, dry softwood. The horns are 
bandsawed in one piece, from a 2044" 
length of 1%” by 1” stock. Round the 
edges and screw and glue the horns 


984, Farm and Home Drying of Fruits and 
Vegetables, giving comprehensive directions 
for home drying. With this bulletin and the 
dehydrator described, you can preserve the 
produce from your Victory garden, as well 
as fruits bought in season, for use when 
fresh foods are not available or are too 
expensive for the family budget. 


|) Table-Model Drier 
: Used in Kitchen 


HERE is a table-model home 
dehydrator developed by the 
‘Tennessee Valley Authority and 
the University of Tennessee. It 
gets its heat from a battery of 
electric-light bulbs, and circu- 
lation is hastened with an ordi- 
nary electric fan. Both can be 
plugged into household wall 
sockets. 

The unit will handle a half 
bushel of fresh fruits and vege- 
tables at a time on trays a| 
proximately 18” by 18”. Ma. 
terials used in construction are 
inexpensive. 


Holds Many Ties 


slant, will provide a suitable method 
of fastening the rack a little distance 
away from the wall. Paint the head 
brown, the forehead cream, and the 
eyes black. Finish the horns with 
orange shellac.—H. P. DONER. 


to the back of the head. 
A piece of %” by 214” by 3%” stock 
is used for the head. Bore the holes 


for the nostrils; then shape the piece 


as shown. Insert wood beads or glass 


marbles for eyes. Cut out a section 
of a curtain ring as wide as the nose 


between the nostrils, notch the outer 


edges of the nostrils to let the ring 


hang straight down, and glue it in. 
A V-shaped block of wood screwed 


to the back of the head, with two holes 
drilled down through the top edge on a 
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SAFE AND SANE SHOOTING GALLERY 
IS A SURE-FIRE HIT 


By Myron Fleishman 


A RooTiN’, tootin’, shootin’ gallery that 
you can easily build at home will afford your 
family hours of enjoyment and be great fun 
at parties. The gun is mounted so that it 
cannot be aimed sideways or up in the air, 
thus restricting all shots to the gallery itself 
and making the game safe for children. 
‘The base is a pine board %" by 734" by 36”. 
At one end is the gun mount and at the other 
is a backstop constructed of 7/16”. stock. 
Both the targets are cut from heavy pressed 
board, and after being painted and labeled 
with the scoring number, they are nailed to 
wooden blocks and mounted so as to pivot 
on a wooden dowel in the gallery. ‘They rest 


at the front on a second dowel or a piece of 
heavy wire placed as shown in the drawing. 
When hit, they fall over backward. 

‘The gun is fashioned from %" stock, and 
the barrel formed of a cardboard tube or a 
thin tube of sheet metal. Two springs are 
used in the plunger which releases the shot 
—a strong firing spring and a weak recoil 
spring, the latter holding the plunger back 
so that bullets may be inserted. Any num- 
ber of bullets can be made from short pieces 
of dowel. Point them at one end with a knife 
or in a pencil sharpener and fit them into 
holes drilled in the base. 

Both the base and gallery should be 
stained and varnished, The gun and targets 
may be painted as shown in the drawing. 
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Bat raised, kangaroo in position, the player on the right aims for the “hoio” while her opponent watches 


KANGAROO GOLF 


By PATTY DE ROULF 


ANGAROO GOLF is a new and fasci- 
nating game the whole family can play 
out in the back yard, at the beach, or 

on a picnic. Although it has been patented 
by the inventor, Pietro A. Yon, the readers 
of POPULAR SCIENCE MONTHLY are invited 
to make their own equipment from the 
drawings accompanying this article. 

The “kangaroos” are little wooden sticks 
that fly through the air when they are struck 
from a wooden tee with the narrow side of 
an oval-shaped bat. Mr. Yon, world-famous 
organist and composer, and musical director 
for St. Patrick's Cathedral in New York, 
received the inspiration for the game when 
he watched a group of boys playing “old 
cat” in a village near his home in the Alps. 

Collapsible wooden enclosures are used 
in place of the usual golf holes. A kangaroo 
is placed on a tee so that it extends from 1” 
to 214” over one edge. When it is hit with 
the bat, it will soar through the air for 
distances up to 50 yds. The game is 
scored similarly to golf, the smallest num- 
ber of strokes around a nine-hole course 
winning the game. 

‘The course can be laid out over any kind 
of terrain, and obstacles such as hedges, 
bushes, and the like add to the interest of 
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the game. The enclosures, or holes, should 
be not less than 25 yds. nor more than 50 
yds. apart. A good score for such a course 
is about 25 strokes, Each player has a set 
of four kangaroos, a tee block, and a bat, 
all of these being carried in a sack slung 
over the shoulder. 

Direction of the kangaroos can be con- 
trolled by the tee ag well as by the shape of 
the kangaroo itself, For example, if it is 
desired to have the kangaroo jump high, the 
tee should be placed with its highest edge 
facing the hole. If you want to hit the 
‘kangaroo level with the ground or downhill, 
place the tee with the low edge facing 
the hole. 

Each one of the four kangaroos in the set 
is shaped differently. The Speeder is used 
for velocity and height. Strike end A for 
a low, fast flight, and end B for a high, fast 
flight. To attain distance, the Torpedo is 
used. If the player strikes end 0, this 
kangaroo will usually stop where it lands 
without rolling. When it is necessary to 
go from low to high ground, use the Flash, 
striking it with end A pointed up; to get 
from high to low ground, strike this kan- 
garoo with end A pointed down. Added 
distance can be gained by using Turtle. the 
fourth kangaroo, as it is designed to roll 
when it strikes the ground. 


saw curs 
fom © 0. 
Torpedo —oixcnon 


om" 


Pietro Yon, at left above, world-famous organist ond 
Kangaroo Golf, looks on while two friends try for a “hole in one” 


EASY TO BUILD | 
AND FUN TO PLAY mae 


RULES 


fone or more persons may pla 
for individual scores oF a 


X Buen" piayer nits a first stroke. 
‘The ‘second stroke is made by. the 
player, whose kangaroo. ia farthest 

from the hole. Others then play sec 
fond” strokes ‘and continue’ in this 


the player 
an to Rouen 
ie kangaroo wherever it has landed 
In dificult positions, the tee may be 
Placed at al distance of a hand span 
rom the Kangaroo, but not in te 
direction of the hole. 
8 "After striking’ the kangaroo, the 
Binger may strike Tt again white 
fs'in Might without a, penalty 
7. Te ‘the. kangaroo "be 
omen damaged, the piayer may Fe- 
ping, te ote 
‘ne frat siroke may be repeated 
{¢ deatred without. 2. penalty 
%. Tf the kangaroo is lost, the hole 
Biust, be. replayed. 
10. Penatties. (one count): When a 
layer misses the kangaroo in strike 
Tne! when the kangaroo lands in a 


tree OF other obstacle necessitating 
employment of other ‘methods to 
Fecover It, or when its lost: when 


‘Acedrding to special conditions. 


Recipe Box Holds Card 
Under Glass for Ready 
Reference in Cooking 


Build a closed box with a top and bottom; 
then cut it aport carefully as shown above 


LIST OF MATERIALS 


T. 

4 

% 5% 
2 Biden 3 5 
1 Top Ho «39/8 5% 
1 Bottom 3 3% 
1 False bottom = 31/18 5% 
2 Top slides % x 8m 
1 Top slide % x 3M 


1 Glass cut to Bt atide 


1 Pair small box hinges 
Note: All dimensions are given in inches, 
NOVEL recipe box designed to hold 
about 250 standard 3” by 5” filing 
cards has a glass top under which the card 
to be used is inserted. In this way the writ- 
ten matter is kept clean and in good condi- 
tion at all times. 

‘The box is built with butt joints and has a 
sloping false bottom to hold the cards at a 
convenient angle. Strips to receive the glass 
are rabbeted on a circular saw or built up 
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of three thin pieces of flat stock, File a fin- 
ger notch on the right-hand edge of the box 
top to permit easy removal of the card. 
Build the box as a unit; then saw it in 
two to form the lid and the bottom. Care 
should be taken when assembling the box to 
keep all nails clear of the section where the 
cut is to be made. After fastening the 
hinges, insert the false bottom. Finish with 
paint or enamel.—FRANK HEGEMEYER, 


i~ IRON PINS PROTRUDE 


FOR GUY ROPES IN 
WINDY WEATHER * 
VENTS AT TOP OF 
ALL FOUR SIDES 
En, 
1M 


(ONT FRONT 
ELEVATION = SECTIONAL VIEW 


[r= 284°—1__ ping REMOVABLE 


DIAGRAMMATIC 
PLAN SHOWING. 


HINGE 
ARRANGEMENT 


RIGHT SIDE HINGE 
ELEVATION DETAIL 


UNDERSIDE 
OF ROOF 
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Add-a-Unit 
Bookcase 


Lets Your Library Grow 


+ 


+ 


Designed by JOSEPH ARONSON 


URNITURE of the simplest kind 

‘of construction need not neces- 
sarily be of crude design. A book- 
case made of plain shelving boards 
can be given refinement and inter- 
est by a few shaped lines at the 
top, sides, and front, This piece is 
designed 'so that it can be used 
either alone or in multiple, as 
shown in the accompanying illus- 
tration. 

‘The original was made of 3 
lengths of common 12" pine shelv- 
ing. Such boards actually measure 
4%” by 11%”, and the accompany- 
ing bill of materials is based on 
these dimensions. 

Both sides are cut to shape first, 
either on a band saw or with a com- 
pass saw. Next, the top is shaped 
in the same way, and its edge is 
molded with a plane or spokeshave. 
‘The sides are doweled, nailed, or 
screwed to the shelves. ‘Both of the 
bracket feet are let into the sides. 

Plywood is used for the back, be- 
ing rounded off at all visible edges. > 
It is nailed to the sides, and the 4” —— 
cleat is glued to the top. 

‘This bookcase is designed without an over- Pet OF ee 
hang at the sides so that two or more can be Two-Shelf Bookcase 
used together to form a harmonious group- 
ing. These can be used to advantage in a 
room with much wall space. A three-shelf | ; 
unit of the same pattern is suggested in the | 


| Pc, Deseription .. w. bh 


drawings. 
After the construction is completed, the 


1 Back (plywood) 4% 


unit can be finished in any way desired— | pny cat = 
stained, varnished, or even enameled to | 2 nrackets (front feet) iS 2 44 
match other home furnishings. If the wood ‘ if 
beet peda pop et yey Note: All dimensions are given in inches and are 
stain it only lightly in order not to conceal | g,nyni cues are given In inches and ai 


the grain. = 
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For Your After-Hours 


kkk aA WAR WORKER'S LUNCH BOX AND TWO OTHER 


WAR WORKER'S LUNCH BOX. For saving 
time at war-plant gate inspections, this lunch 
box has clear-plastic window panes. It is 
made of waterproof plywood, %4” thick for the 
base and %" for all other parts. Saw the top 
and bottom of each end as one piece, sepa- 
rating them later with a band, jig, or scroll 


saw. The sides are alike, with openings jig- 
sawed and rabbeted for the panes. Use 
waterproof glue in assembling. Clamp the 
sides and ends first; then glue on and clamp 
the base. 

Have the grain of the facewood of the top 
run in the direction of the shorter dimension, 
and cut kerfs as shown in 
the drawing. Curve the piece 
gradually in a vise or with a 
belt jig, dampening with 
hot, wet rags. This section 
is glued into grooves in the 
top endpieces. Attach the 
panes with cement and gla- 
ziers’ points; then hinge the 
top and bottom at the glued- 
in fillers. Finish with two 
coats of waterproof varnish. 
Working time: 514 hours. 


BAR STOOL. Here is an in- 
expensive way of making 
small, attractive stools for a 
breakfast or refreshment 
bar. Maple may be used 
throughout—1” dowels for 
legs and %" stock for seats 
Glue the legs 
; then screw 
them to the spreaders, coun- 
tersinking the screws \\” 
and plugging the holes. 
Star-shaped thumbtacks 
over the plugs add a neat 
note. Finish with bright 
enamel; then stencil the star 
design on with a contrast- 
ing enamel. Two coats of 
varnish will preserve the 
finish, Working time: 5% 
hours for one stool. 


PAPER-WEIGHT BOX. 
Heavy walls and an angular 
design give this box a mas- 


culine touch. The stock may 


Er -V MAPLE 
rs FILLERS. 


FiseR stale 
[UNDER WasueRs| 
HOLDS TAPE 
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Face VENEER 


pie KERES CUT To FACE vance 


be cherry, walnut, or ma- 
hogany. Note that the ends 
of the longer walls are rab- 
beted and the others dadoed. 
Sand the inside of the pieces, 
assemble with glue, and 
chamfer the top and bottom 
edges. Make the base a snug 
fit and glue it in at the table 
line; then glue in the round- 


Craftwork 


PROJECTS OF REAL UTILITY * 


yop ino > 


—_ 
ie 


] DRILL 1° doces paige 
To CITING FILE 
for $ ANOLE 


Pewee 

UNDER 

THUMB 
at 


C aria} 


sortom 


DESIGNED BY 
ERNEST R. DEWALT | 


cuamece a 


a 


BOTTOM ahuG FIT 


cur ALL 


ed fillers, which support the loosely eee | | 
fitted top and strengthen the base stank = Lt 
Ly Grine —*——4 
Sand the outside, rounding all Guamrcas © of 
edges. Spray or brush three coats mae i 
of clear lacquer on the outside, rub- Two FTLLERE 
bing with fine steel wool between . 
coats.” Wax several times for a gi eser oy 
sheen. Be careful to get no finish | ie { 
on the inside, which is left natural. 


Working tim: 


: 4 hours, 
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Rip the check of a tenon 
by starting at the corner 
‘and sawing diagonally to 
the shoulder line. Then 


and again saw from 
line, The saw 
by the waste 
cuts are mode 


Two bench hooks support 
the member as the tenon 
shoulder is cut. Start 
making the saw cut at 
the forthest edge and, as 
the kerf extends across 
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WHAT YOU SHOULD KNOW 


about” 
Half-Lap Joints 


and Their Uses 


By EDWIN M. LOVE 


OINTS made in building a mirror 
frame, cupboard door, and the like 
must be solid to give the piece rigidity 

and permanence. The half-lap joint proves 
satisfactory for this type of work and also 
for assemblies that must be taken apart oc- 
casionally. This joint consists of two mem- 
bers notched to half thickness and lapped 
on each other with the faces flush, 

Most common of these joints is the end 
lap in which the ends of two pieces of wood 
are notehed and cut to fit. In preparing the 
stock to be used, true it up and mark the 
working faces and edges with a sharp, hard 
pencil or a knife. Measure the width of the 
first member and mark it off on the second 


with a square, allowing a little extra length 
for the tenon. Repeat the procedure on the 
first piece, but mark it on the back. Using 
a marking gauge, scribe the depth of the 
joint on the edges and end of each piece. 
‘This measurement should be half the thick- 
ness of the joining members. 

The notched surfaces of the tenon are 
known as the cheeks, and these should be 
ripped first. The reason for this is twofold: 
first, the waste stock supports the saw as it 
cuts to the bottom of the tenon, and second, 
there is less likelihood of cutting into the 
tenon thickness, as the waste block falls 
away when the shoulder of the joint is cut. 
Clamp the piece upright in a vise. Then 
saw down from the near corner diagonally 
to the line marking the shoulder of the joint, 
keeping the saw kerf in the waste. Com- 
plete the cut by reversing the piece and 
sawing in the opposite direction. If you 
have no vise, or if the stock is too long to 
be handled conveniently in this manner, rest 
it edgewise on a sawhorse and rip the cheek 
from one edge and then the other, handling 
it like an ordinary board. 

In cutting the shoulder to remove the 
waste block, brace the wood on a pair of 
bench hooks. Start the cut at the far corner 
and level off when the kerf extends across 
the stock so that the tenon will not be partly 
sawed through before the block is detached. 

Joints of this type can be glued, screwed, 
or nailed. In gluing, apply the binder on 
both joining cheeks and hold them together 
with ‘a clamp. Tap the edges in order to 
close the shoulder joints. If the lap is to 
be screwed, bore and countersink holes in 
one tenon and, if the material is hardwood, 


use this tenon as a template for locating 
pilot holes to be drilled in the other. 

Such structural forms as X's make use 
of cross-lap joints, in which both pieces are 
notched between the ends. Extra saw cuts 
in the waste, made to the depth of the joint, 
make it easy to trim flat bottoms, Use a 
sharp, wide chisel with the bevel down, and 
make tapering cuts from both edges. This 
avoids splintering of the far edge that would 
occur if the cut were made full width. True 
the bottoms with the flat side of the chisel 
down. 

Small joints can be trimmed with hand 
pressure and a side swing of the chisel 
handle, but larger work requires a mallet. 
If none is available, follow carpentering 
methods and strike with the side of a ham- 
mer head. : 

In order to avoid any chance of the edges 
of the boards not being parallel, hold one 
piece firmly in place on top of the other and 
run a knife along its edges when marking 
the shoulder. This will assure the correct 
angie at the intersection also. 

‘The sharp corners of a snugly fitted joint 
tend to tear the edges when it is being as- 
sembled. Te avoid this, chamfer the edges 
of the bottom of the cut. While it is most 
desirable to have tight joints, little force 
should be used in fitting the pieces together. 
When they are wedged too tightly, both 
members will bend back, throwing the work 
out of line, as one of the drawings shows. 

A joint formed by a notch cut in the 
middie of a member and a tenon cut on the 
end of the other member, is known as a 
middle-lap joint, The methods of cutting 
the two pieces are the same as for the end 


lap and cross lap that are described above. 

‘A refinement of the half-lap joint is the 
mitered lap. In this, the end of one member 
is mitered and half the thickness of the 
mating piece is mitered, the remainder 
forming a tenon. The method of cutting is 
the same as for square joints, Miter angles 
need not be 45 deg.; for instance, the joint 
might be a union between a door stile and 
a wider lower rail, or it might join together 
parts of a hexagonal frame. 

Blind half-lap joints, designed to hide end 
wood, can be made with little extra effort. 
‘The easy way is to cut one tenon short, 
and fill the remaining space with a dutch- 
man cut extra thick and glued in. When 
the glue has dried, trim the filling flush. 
While this is adequate for paint finishes, 


the workmanlike way to do the job is to 
chisel out the one cheek instead of sawing 
it so as to leave a continuous edge that will 
hide the other tenon end. Saw the shoulder 
to depth at the open edge; then trim to 
depth at the back with a chisel held vertically. 

If the joints have been cut accurately, 
they should assemble with the faces flush. 
Usually, however, a little surfacing is needed 
although it may be only sandpapering. In 
rubbing with sandpaper, be sure to stroke 
along the grain, as cross sanding shows up 
in stain and varnish and even in enamel. If 
planing is necessary, use a smoothing plane 
set fine, and stroke diagonally in order to 
avoid tearing the wood. If the wood is 
hard, a scraper is excellent for this purpose. 

‘When the tenons have been cut too deeply, 


To remove wood in the notch, hold the chisel with This method of scribin, 
the bevel down, Cut in ond upward from each edge meosurement even though the 


line insures accurate 


INSERTED FLUSH 


‘TRUE BLIND END 
ir 
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insert thin sheets of wood be- 
tween the cheeks of the joint. 
If the joint is being glued, 
apply the glue to all contacting 
surfaces. In joints that are 
held with screws, use card- 
board as a shim. If the joints 
are too tight, plane a shaving 
from the edges; if they are 
too loose, a skillfully made 
dutchman wedged in may hide 
the effect. Obviously, such sal- 
vaging should be done only as 
a last resort, as every effort 
should be made to cut joints 
that fit accurately. 

Excellent flat-surfaced cup- 
board doors can be built cheap- 
ly by assembling frames with 
half-lap joints and sheathing 
them with 4" or %" plywood. 
‘These can be made in two dif- 
ferent styles—lip doors and 
flush doors. In a lip door, the 
plywood projects ‘at the edge 
and hides the joint between 
the frame and the cabinet 
opening, whereas the plywood 
on a flush door is trimmed to 
the frame so that the front is 
even with the front of the 
cabinet, In making the lip 
type, build the frame to fit the 


When the surfaces of the use a smoothin: 
plone on therm, But stroke diogoeclly 90 08 act toirlp the woos 


opening, allowing a clearance of as much as 
%" all around, The flush door should be 
built nearly the same size, allowing for 
jointing the edges for a clearance of about 
1/16” all around. 

Before applying glue, make a trial fitting 


of the joints by clamping them together to 
make sure that all edges fit firmly and that 
the faces are flush. When the glue has dried, 
remove any excess with fine sandpaper. 
Be especially careful to leave none under 
the lip, or on the edges of a flush door, 


ELIMINATING DOOR FRICTION [SHIPSHAPE HOME] 


Door drags on floor. Tighten the screws in the hinges, 
especially in the upper one. If screws have pulled 
loose, drive glue-coated wooden plugs into the holes, 
or tamp them full of steel wool, and turn the screws in. 
If composition wood is used, drive a wedge under the 
door until the screws are set. 

If this treatment does not clear the binding, a card- 
board shim may have been put behind the hinge. Re- 
move this and tighten screws. 


| sranane 
a with 


Door binds on lower end of lock jamb. If tightening 


the lower hinge is insufficient, hold a block against the 
jamb and strike with a heavy mallet or hammer, light- 
ly at first, harder if necessary, 

Door rubs side or head jamb. Try driving the jamb 
at these points. If the jamb was well blocked when 
installed, this driving will move it very little, but 
often a slight shift will clear the door. 

Upper lock corner rubs. This is easily planed down, 
and the bare wood may be stained or painted. 
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Animated Scarecrow Frightens Birds from Your Vegetables 


FE 


‘This evashbuclting pirate wil be 
a real hero in your garden patch 


dangling legs will help frighten birds 

m your Victory garden. Short lengths of 
board and odds and ends from the junk box 
are all the materials needed for building one. 
‘The head and torso are cut from a piece of 
%" stock, and a heavy piece across the 
shoulders serves as both a cleat and a sup- 
port for the bolt on which the windmill arms 
turn, These revolving arms are fastened into 


A\‘coting ee with spinning arms and 
ro) 


Markers for Flower Planting 


GLass tubes containing slips torn from 
paint color cards make good markers that 
show the hue of the bloom as well as the 
name of the plant. They can be stuck in the 
ground or tied to stems.—E. C. HANLEY. 
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a slotted hub, with a short length of brass or 
copper tubing set in it for a bushing. Both 
legs are hinged to swing backward, and the 
vane is supported on wood members to 
which are screwed guides for the vertical 
axis made of 14” pipe. 

Paint the scarecrow as shown in the draw- 
ing, or make up your own color scheme. A 
realistic flesh color can be made by mixing 
red, yellow, and white paint. 


Can Lids Protect Your Garden 


CoFFEE-CAN lids, paired 2” apart and su: 
pended in a series, will effectively frighten 
away birds and other garden marauders. 
Pairing up lids of different sizes will result 
in different tones. The lids can be strung on 
wire or on heavy, waxed cord—H. 8. 


Present at judging of th 
Wesley Reeve, 
Walton, Home and 
Navy; and Donald J. Gilchri 


OUR service men, repre- 
senting the Coast Guard, 
the Navy, the Army, and the 
Royal Canadian Air Force, 
assisted the editors in judging 
the many entries in our Serv- 
ice Men’s Gift Contest (see 
"43, p. HW 521). A 
‘A unique shoe polisher containing dauber 
and polish won first prize in the contest. 
‘This entry combined utility with compact- 
ness, two qualities well worth remembering 
when you design gifts for boys in the serv- 
ice, The polisher, formed from a block of 
pine, has a hinged top covered with soft 
buffing material. When closed, this top 
forms the polishing surface. Cut-outs inside 
the block hold both polish and daubing brush. 
Other prize projects included a pocket 
picture frame of leather with a tooled de- 
sign, a novel game played with wooden 
pegs, a sea-bag hook that can be locked, a 
useful toilet kit, and a writing pad with a 
small battery lamp built in so that letters 


P.S.M., Feb. 


Six Craftsmen Win Prizes in Our 
SERVICE MEN‘’S GIFT CONTEST 


FIRST PRIZE, $50 
Axel E. Ogren, Chicago, Ill, 


FOURTH PRIZE, $5 FIFTH PRIZE, $5 SIXTH PRIZE, $5 


left to right: 
ast Guard: S. C. Westfall, Army; Harry 

shop Editor; Warren Kennedy, 
Royal Canadian Air Force 


SECOND PRIZE, $25 
HL A, Schulz, Milwaukee, Wis, 


‘THIRD PRIZE, $10 
Ralph Dickenshied, Two Rivers, Wis, 


‘Harry Lieberman, 
Evansville, Ind. 


Joseph Brtan, 
Bordentown, N. 


can be written on the pad outdoors at night, 
or in a darkened room. 

‘The prize-winning items will be described 
in forthcoming issues of POPULAR SCIENCE. 

Although utilitarian gifts are warmly 
welcomed by service men, games, puzzles, 
and the like also come in for their share of 
interest, for these help the boys spend their 
leisure hours while in camp. All games, how- 
ever, should be compact and not too com- 
plicated. 

Another thing learned from the contest 
was that elaborate, luxurious gifts are not 
necessary. The winning entries were all 
simple in design and extremely functional. 
Expensive-looking trappings are scorned by 
men in the service—gifts should be made 
with an eye on practicality and usefulness. 
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USE WARM KNIFE 
TO SEAL EDGES 
\>\ 


WAXED 
PAPER 


" Silverware is tarnished by sulphurous gases in 
‘the air, To protect it, wrop it in waxed er 
cond soal the edges of the paper by pressing a hot 
knife along them so that the wax melts together 


Space can be conserved inthe kitchen of a summer 
cottage if the bread box is mounted underneath 
cone of the shelves. An auxiliory shelf nailed 
inside the box will accommodate smaller items 
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Noil-polish remover dabbed on paint morks will 
serve as an efficient substitute for turpentine. 
It should be wiped off while it is still wot 


UNCORKED 
BOTTLE OF ———_> 
MOTH SPRAY 


BS 


Fumes evaporating from a bottle of moth spray 
will keop moths out of a closet. Just place an 
open bottle of the liquid on one of the shelves 


~b) 


Corset steels can be vied to beep light rugs from 
edge 


curling at the corners. Baste one under ec 


Powder puffs can be os useful in the kitchen at 
they ore in the boudoir. A'lorge one placed in 
the Hour cosister will come tn handy Hf used to 
dust flour on the rolling pin and pastry board 


SHIPSHAPE 


‘CHEESECLOTH PAD 


APPLY FLUID TO 
SOILED SWEATBAND 


To clean th 
pad of ch 
rub the bi 


ctband of @ man's hot, 
th between bond ond 
ith a pod wot with clea 


va towel rocks con be made from discorded 
tubes. Simply drill two holes in each 
‘of wooden blocks and attach the blocks 
to the wall with screws. Longer tubes may be used 
in the bathroom and shorter ones in the kitchen 


Leaking pipes con be sealed with 
© gasket compound. Cover with 0 
piece of old rubber hose. Secure 
with o clamp made of sheet metal 


Side them. | 


Squecky rubbers con be silenced 
a foleom powder ie. 


best to spread 
Ground evenly with c small loth 


WODDEN WHEEL ON PIPE OR 
BROOMETICR ARLE 


A chuck wagon for back-yard serving can be mode 
from i" plywood and scrap lumber. A 1/2" by 
by Ta” weoden stretcher fis betwacn the 


blade breaks, 
and put your 
its ploce. The key 
Til"then’be hendy at oll tines 
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SETTING SPARK-PLUG GAPS is done 
automatically by a machine invented by 
Frank LeVoci, tool-room foreman and 
POPULAR SCIENCE reader. This device en- 
ables 10 workers to adjust as many 
plugs as 50 could set in the same time 
by hand, The machine consists of an 
arbor press with one lever attached to 
the pinion acting as a ram, and another 
manually operated lever pivoted on the 
pinion. Both levers are connected by an 
electromagnet. A tool held in the ram 
bends the four ground prongs toward 
the center electrode. When the gap has 
been established, the circuit breaks and 
no further pressure is transmitted. 


k is held for surface 
inding by a magnetic chuck made out of a 
Budipecter fold cell, The spoce, between 
the magnet core and housing was filled with 
@ cardboard ring (right). In a photo on the 
facing page a triple-pole, double-throw 
switch was used. The center poles were not 
connected, on: hooked up a 
shown in the drawing. To free work, rev 
the current for just a fraction of a second 
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A MAGNETIC CHUCK made from an old 
loudspeaker field coil was found to be the 
answer to the problem of surface-grinding 
a number of steel disks that could not be 
held in an ordinary chuck. The coil, found 
in a box of junked radio parts, was designed 
to operate on a 6-volt battery and drew 1 
amp. First of all, the coil housing, a steel 
shell with a disk-shaped “lid,” was stripped 
of all unnecessary appendages. Fillister- 
head bolts holding the lid in place were re- 
placed by bolts with countersunk heads, 
The ring-shaped groove that held the voice 
coil was filled with cardboard impregnated 
with household cement. ‘Then the coil unit 
was clamped to the milling table of the drill 
press in such a way that the surface holding 


the work would be in a vertical position. ‘The 
grinding wheel on an arbor in the drill chuck 
rotated in a horizontal plane. 

Current from a 6-volt automobile storage bat- 
tery flowed through a polarity-reversing switch 
to the magnet. The double-throw switch was 
wired as shown in the drawing, and although not 
absolutely necessary, is handy for releasing work 
instantly. 

‘This improvised magnetic chuck had more than 
ample holding power for the disk-grinding job. It 
was found adaptable to various other kinds of 
grinding and machining on the drill press. 

When the magnet was mounted in its final 
position, the work-holding surface was trued up 
by taking a light cut over it with the grinding 
wheel—WALTER E. BURTO: 


BUFFING OPERATIONS can be simpli- 
fied if worn buffer disks are cut to half 
their original diameter and then used 
as spacers between the disks of new 
wheels, as shown in the accompanying 
photographs. The resulting air space 
between each layer of material causes 
the cutting compound to dry more 
quickly. Less compound is used, less 
pressure is required, and the cutting is 
much faster. With this method, sunken 
and intricate surfaces can be much 
more easily reached without forcing the 
wheel unduly—VINCENT A, GUERIN. 


DRAFTSMEN often have trouble in 
drawing very small circles with an 
ordinary bow pen, I have found that 
bending the point toward the pen solves 
this problem. In drawing very small 
circles, first prick the center hole with 
another point; then apply the pen. 
Using this simple system, one can draw 
circles as small as 1/32” in diameter 
and they will still be perfectly accu- 
rate—S. M. TI 


THE PORTABLE BLOWER shown 
above was made from junked parts 
by Bill Hesh of Santa Fe, N. M. He 
used an old %-hp. electric motor 
as the power unit, fitting to it a 
discarded auto fan. To make a base, 
he bolted an old axle housing to a 
brake drum, A large pipe or a por- 
tion of a drive shaft would do as 
well. The motor base was attached 
to the top of the housing in such a 
way that it could be tipped up or 
down. A sheet-metal drum was built 
around the blades and fitted with 
guards welded together of rods. 
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USING THE MODERN RADIA 


. DRILL 


HOW HOLES ARE SPOTTED WITH PRECISION JIGS IN DUPLICATE WORK 


women who had not even seen a ma- 

chine tool a few years ago are today 
working on production lines with modern 
equipment that speeds the stocking of our 
arsenal of democracy. Among these ma- 
chines for mass production of duplicate work 
is the radial drill, one type of which is shown 
in the photograph above. Used with a pre- 
cision jig, it is capable of drilling and tap- 
ping a succession of holes in a metal casting 
with one clamping of the work. This is par- 
ticularly valuable where work is too large 
for moving about and is to be duplicated in 
thousands of pieces, 

One of the chief advantages of the radial 
drill over the drill press commonly found in 
home workshops is its horizontal arm, which 
can be swung radially about its upright 
standard and carries a spindle that can be 
slid back and forth on it. It is this move- 


Temennte of American men and 
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MACHINISTS 
BOR WAR WORK 


ment of arm and spindle that permits drilling 
successive holes without shifting the work. 

For precision, and to save the time re- 
quired to lay out holes individually on each 
piece, the jig comes into play. This is usual- 
ly made by an expert toolmaker, who lo- 
cates, drills, and sometimes grinds the holes 
that guide the bit into the work. These holes 
are made to fit a hardened steel bushing, 
which in turn fits the bit to be used and 
keeps it from marring the jig. Either the 
same bushing may be used for all holes, or 
each hole may be provided with one. 

Photographs on the three succeeding pages 
show the operations in drilling and tapping 
blind holes on two sides of a cast-steel valve 
body. They were selected from one of the 35 
sound films prepared by the U. S. Office of 
Education and distributed by Castle Films 
to Government and industry-fostered schools 
for war machinists, 


1 Ths, 2, typical rodioldrill job, Several With the arm swung out of the way for safety, 

hundred valve bodies are to be drilled f the operator cleans the table of dirt, chi 
5d, blind top and bottom. ond burr ep the holes straight and 

p with a 17/32” tap drill will prevent bit during the drilling 


wz 


3 When he recei jig, the operator 
checks the num| that ‘it corresponds 
to the job, and as an added 


Precaution he clso measures the holes in the jig te the table with two hold-down clamps and blocks 


(note bolts are 
erage), a drill 
hosen, the tang 
ito the spindle 


6 Aiter the job hos been set uy 
near the work for maxi 
@ and tay 


chuck of right 
ined up, ond 


7 The correct size top drill is next, selected 
ond set into a fri 

limited torque on the bi 
the casting. This prevents breakag 


if it joms 


Sines the blind, holes in the casting are to 
be drilled "4" le stop on the 
drill head is set scale in or 

to arrest ed automatically at that depth 


the handbook shows cast steal 
m. when a 17/32” 
should be .007” 
Gears are set for these rates 


high: 
per revolution. 


‘As soon os the bit has made a 4 
the spindle is raised by hand, the bushing 
removed, and drilling proceeds with automatic 


|. All holes on one drilled this way 
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10 With « hardened bushing on the bit and ror 
ing on th ead is moved about 
‘until the Laas | 


are locked, on 


The clamps cre lootened, the jig is removed, 
12 ora the to 4. "A plate of th 
thickness of the jig is put under the work and 


the some blocks to clamp it for tapping 


13 Burts ore filed, ond cach hole is carefully 4 A top of the size and shape required for the 
jol 


cleared of chips. This may be done with a job is then selected. This is used with a 
jece of magnetized. steel. It is dangerous to friction chuck, which will the hole loads 
Eise’ chips"tram the holes with shop cit premute \ith“chipe, ond wil keep the tap from brocking 


drill arm and head loosened, they Tapping in cleor plastic shows the cutting 
1d until the tap centers itself 16 schon.” Chips form in the flutes, ond drop 
the hole. The top must be bac sed eut for 


occasional removal of th holes 


w from the bottom of the Pestie 1 Wher topping on one side 


17 This completed, burrs 
shows how chips curl in the ae 


lowing ore filed off, the table is cleaned, and the 
the tap and making rough threads. may be casting is turned over. All drilling 
broten Ioote by becting up the top a half turn and tapping ore then repeated for the second face 


TO KEEP SHOP MACHINES ON THE JOB 


By JOHN MODROCH 


HE first requisite of efficient bearing 

maintenance is proper lubrication, Bear- 

ings are built to run in high-quality 
lubricants that are free from alkali or any 
other ingredients that might be injurious to 
the metal parts. Oil and grease are most 
commonly used, 

Hand oiling should be done sparingly be- 
fore the machinery is put in motion. Cold 
bearings do not absorb oil readily, and the 
excess is therefore thrown out for the first 
few revolutions, ‘Thorough oiling by hand can 
be done after the machinery has been run- 
ning for a while and the bearings are warm. 

Belt guards should be made of wire net- 
ting or some similar material in order that 
the bearings under them may be seen and 


also to provide ventilation. Check the per- 
formance of newly installed bearings with 
and without a full driving load. Bearings 
should run only warm—never hot. Smoke, a 
burning smell, or a rattling noise is a danger 
signal. If you notice any one of these, stop 
the machine as quickly as possible and oil 
the bearings thoroughly while turning the 
shaft by hand, Wait until the bearings cool 
before starting the machine again. A slip- 
ping belt may also be a sign of a binding 
bearing. 

Belts should be no tighter than is neces- 
sary for positive traction. As a rule, V-belts 
require less tension than flat belts to prevent 
slipping. Because canvas belts have a tend- 
ency to contract or stretch under certain 
weather conditions, they should be checked 
for proper tension frequently. 


YOU CAN HELP KEEP PRODUCTION ROLLING BY FOLLOWING 


SPRING CAP 


‘Of FLW AROUND 
RUNNING SHAFT 


Bushing 


FULLER PLUS 


RUNNING SHAFT ORAWS 
OIL THROUGH wicxs 


er 
MlEDeATELY 
CORRECT GREASE-CUP 
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ANOTHER BEARING 


UF A SHAFT WEAVES, INSTALL 
ONE OR MORE ADDITIONAL 
BEARINGS TO STEADY IT 


‘ ae 


BEARING PLACEMENT FOR LONG LIFE 


weepen wene Apsustaa.e 
__ > Mf fee 


Best 


DRIVEN 
MACHINES 
MOUNT MACHINES O€ = 
FOUNDATIONS THAT WILL A UNE SHAFT 
NETHER SETTLE NOR WARP ae 


LEVEL SHAFT OF 
EACH MACHINE 


Wo 
ADJUSTMENT 
ScnEWS MAKE FINAL 
ADJUSTMENT BY 

SOUND AND TOUCH 


BEARING 
ADJUSTMENT 


BEARING 


Nes ee 
INSERT Sims 

FOR VERTICAL 
ADJUSTMENT 


-— 


<3 


EXPERIMENT FOR GEST 
POSITION WITH! MOUNTING. 
‘BOLTS LOOSENED 
<>, 

e 


y 


Lay LEVEL 
‘ON TOPS, 
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PAPER is now used os a substitute for 
some of the critical wor materials, The 
clock case shown above is made of o 
cellulose fiber treated so that it is 
impervious to humidity. Below, burlap 
made of tightly twisted kraft paper is 
both flome ond water resistant. It is 
being used in wrapping airplane parts 


% 


AUTOMATIC HOSE MENDER. This convenient gadget 

knits runs in hosiery and lingerie with the som 
Hitch os the original. It uses no thread and is 
said to be extremely simple to learn to operate. 
The stocking is placed over @ small glass, and 
thus held firm and taut while it is being mended 


THESE BATTERY LAMPS are convenient for chil- 
dren's rooms, tents, camps, porch 
buildings, dim-outs, and for emergency 
when electric power fails. They work on three 
standard flashlight cells. Both styles shown 
are 15” in height, with 9” shades. Bases and 
shades are enameled white ond ore available 
both a plain and a handsome gilt-decorated 

Both shades are mounted on swivels 
at they can be adjusted to any angle 
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SHOES CAN BE WATERPROOFED with o liquid 
that alto lubricates the leather. It can be used 
‘on oll shoes or boots that will toke a pol 
28 well as on many other types of leather goods. 
One treatment is said to waterproof @ pair of 
shoes permanently, but in order to ienaton thi 
life of the leather, the fluid should be applied 
more then once, Shoes mest be ollowed fo. dry 
‘overnight, after they have been thoroughly coated 
with the liquid, before they ore given a polish 


HOUSEHOLD LABELS, 500 of them de: 
virtually oll household labeling needs, 
in the ba 


LIQUID METAL CLEANER 
for cleaning kitchen ut 
said to do the work of s 
be used on aluminum, brass, st 


alloy, chromium, “brome, porcelain, and 
copper. sponge or cloth is moistene 
withthe cleaner ond the metal is rubbed 


gently until thoroughly cleaned. Nonpoison- 
ous, the fluid moy be used safely on both 
the insides and outsides of pots and pons. 
It is put up in Victory cons ond comes in 
two handy sizes for everyday household use 


ned to meet 
¢ contained 
indy book shown in the photo below. Included 
tographs, 


COMBINATION SPOOL AND TIE RACK. Made of pl 
es 44" in diameter and 
basket or drawer. The nine 
prongs ere 2" high, and each one will hold two spools 
of thread. Several holes drilled around the ba 
the rack permit it 40 be mounted in a convenient 
place on the wall, where it may be used for holding 
fies or belts, Color choice is red, green, or blue 


bot 


‘A CHAMOIS SPONGE hos been devel- 

1d that hos mony uses both os @ 
chamois and ot a sponge. It is ideal for 
washing windows, mirrors, furniture, 
painted walls, automobiles, carpets, and 
fer al general hourahold, we. Smal 
es of oil-tanned chamois are sewed 
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ADD DRAMA TO YOUR PICTURES 


By James Wong Howe, A.S.C. 


Jimmy Howe, an Amer- 
ican-born Chinese, for the 
past 20 years has been 
a first cameraman, film- 
ing among some 100 fea- 
tures such recent pictures 


as "Air Force” and "The 
Hard Way." "The North 
Star," a story of Russia 
is now unfolding before 
his camera on the Samuel 
Goldwyn lot. 


for putting punch into both home movies and still 

pictures. We use silhouettes and shadows in pro- 
fessional movies to introduce characters, obtain dra- 
matic effects, and establish moods. 

How do you go about making silhouettes, both out- 
doors and in? Unlike the usual shot in which you ex- 
pose for the shadows and shoot away from or across 
the light, silhouettes demand that you catch your sub- 
ject when it is in shadow. You expose for the brilliant 
background, deliberately underexposing the main sub- 
ject. The result is a sharp black-and-white contrast 
and an effective picture. 

Many outdoor silhouettes are made at dawn and sun- 
set. When doing this, take a low camera position and 
pose your subject against the sky or on a slight rise to 
obtain the necessary elevation. Make sure the sun is 
beyond or behind the subject, but do not permit direct 
rays of the sun to reach the lens. Frequently, especially 


Seemanere and shadows are a magic formula 
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when the sun is low, you may have your 
subject directly between the camera and the 
sun, thus shading the lens. 

For a silhouette, you will be photograph- 
ing only the outline of your subject, which 
should be in full profile, either front, side, or 
rear. Elements of action may be added. The 
photograph on page HW 291 of a horse and 
rider etched against the ocean is an excel- 
lent example of a pictorial silhouette. 

‘To illustrate how much the exposure must 
be cut down for silhouettes, a normal ex- 
posure for this scene would have been 1/25 
second at £/8, but for the silhouette the shot 
was made at 1/100 second at f/22. Had the 
background been land, the 
proper stop would have been 
1/16 at 1/100 second. This pic- 
ture is a good silhouette be- 
cause it includes foreground 
reflection, which adds depth and 
draws attention to the center of 
interest. The swish of the tail 
and the raised foreleg add 
action, Back lighting givesform 
to the ripples on the water. 

‘There are countless subjects 
which make good silhouettes. 
Have you ever noticed cattle 
standing on the crest of a hill, 
or a pretty girl leaning against 
a tree? Or trees alone, etched 
against the sky? All make ex- 
cellent silhouettes. Sunrises are 
usually too brilliant to permit 
direct photography, but sub- 
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jects accompanied by a dusky rose sky and 
clouds aflame with yellow fire offer dramatic 
picture opportunities. Pose your subjects 
directly against the sky, or against a spar- 
kling background of water such as a river or 
lake, Remember, too, that if you can look 
directly into the sun without glare, so can 
your camera. At such times, try shooting 
directly into the light. 

Although you may be accustomed to 
thinking of silhouettes in terms of outdoor 
photography, you can take effective pictures 
of this type indoors against a sheet or a 
brilliantly lighted wall. Crisp black sil- 


houettes against white backgrounds will 


serve a variety of purposes in home movies 
and also make stills worthy of inclusion in 
your album. 

For example, let's say your young son has 
acquired a new bat and bali. He will be 
eager to show them off. Stretch a white 
sheet smoothly across a hall archway and 
at a distance of 8' from the opposite side 
place twin reflector lamps facing the sheet. 
Pose the boy 2’ in front of the sheet in a 
batting stance, hanging the ball from a thin 
white thread. Remember that he is to be on 
the camera side of the sheet. 

Proper exposure for this picture depends 
upon the speed of the film you are using. If 
you wish, take a light-meter reading on the 
Sheet, and expose for that bright area. With 
No. 1 photofloods or strong household lights 
in reflectors, the stop on a movie camera 
will vary from /5.6 for comparatively slow 
films to f/8 for fast films. 

A similar result can be achieved if you 
place two flood bulbs in cardboard reflectors 
and direct their light against a white wall. 
Be sure to keep the rest of the room as dark 


as possible, Pose the subject in front of the 
bright spot on the wall as you would against 
the sun or sky outdoors. Snapshots of excel- 
lent quality may be made in this way at 1/25 
second with the lens stopped to £/16. 

All sorts of interesting compositions and 
poses may be arranged. Your small daugh- 
ter can pour tea for a friend, or read to her 
doll from a book. Try pasting cardboard 
cut-outs of the moon and stars, or story- 
book characters and animals, on the sheet. 
As a party suggestion, why not photograph 
the guests against the sheet with cut-outs 
representing the season, such as popping 
champagne bottles and corks for New Year's 
Eve, or turkeys for Thanksgiving? Both you 
and your guests will get much pleasure from 
such pictures, made either as stills or home 
movies, 

Silhouettes also present an effective means 
of introducing your characters in a home 
movie, Suppose you wish to present, “A 
‘Typical Day at the Jones Home.” Who are 
the Joneses? Dad, in profile, pipe in mouth; 


little sister, doll in arm; brother, full face to 
accentuate his big ears; and mother, hair 
fluffed, profile or full face. 

As an interesting alternative to still 
silhouettes in home movies, try photograph- 
ing’ the shadows of people against a wall. 
‘This offers the advantage of allowing your 
subjects to move around, thus giving action 
to the scenes. 

Combinations of silhouettes and shadows 
will add zip to a movie, especially if you 
wish to develop a threatening, dramatic 
sequence. Place your subject at one edge 
of the lighted wall about 4’ from the camera, 
and have a shadow from an assailant, or 
perhaps only a hand holding a gun, cast 


upon the wall from 10’ away. By 
this means, your audience sees 
virtually two actors as your 
character reacts to a threat rep- 
resented by the shadow. 

Similarly, to introduce a com- 
edy character such as a gossipy 
neighbor, open the movie scene 
with a profile silhouette through 
a window shade, Your audience 
sees it as a window profile fram- 
ing two lips moving rapidly. 
Suddenly the shade flies up and 
the face appears, well lighted, 
chattering like a magpie. You'll 
need a little help doing this. As 
the shade moves up while you 
are taking the picture, have an 
assistant snap off the silhouet- 
ting light and turn on front 
lights. This must be done at 
just the right moment so that there will be 
no noticeable change in the lighting either 
before or after the face appears. 

‘These suggestions will give you other 
ideas for interesting and dramatic effects 
that can be added to your pictures. Remem- 
ber, however, that silhouettes may be over- 
done, especially in movies. Being under- 
exposed, they produce effective photography, 
‘but shadows tend to become theatrical. In 
still photography each picture stands alone 
on its own merits; in movies, the use of 
silhouettes and shadows should be related 
to the picture as a whole. In both fields, 
silhouettes offer many interesting opportuni- 
ties, and they are fun to make, 
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A RUBBER SUCTION CUP attached to a 
photographic thermometer by a rubber band 
will hold the thermometer upright in a tray 
so that it can be read easily. In mounting 
the thermometer this way, cut away a little 
of the shank of the suction cup so as to ex- 
pose the thermometer bulb to the solution 
in the tray. This will make possible a true 


DARKROOM SCALES should always be 
protected from dust and moisture, as these 
may cause friction or corrode the delicate 
mechanism. A simple safeguard is to place 


a cardboard box over the scales, as shown 
in the photo above. Be sure that the box is 
large enough so that it will not come in con- 


reading. 


HARRY RADZINSKY, 


Lass moKenDeNT 
‘Or eAcomHeR 


tact with the mechanism,—Louis HOCHMAN. 


ENLARGER SWITCH CONTROLS SAFELIGHT AUTOMATICALLY 

IN FOCUSING an enlarger, it is easier to obtain a bright image on 
the easel if the safelight is turned off. The wiring diagram A at 
the left shows how an enlarger lamp and safelight may be connected 
together so that the latter will go out automatically when the en- 
larger is switched on. A 100- or 150-watt enlarger bulb will pass 
enough current to energize the safelight without emitting light itself, 
When one switch is closed, the enlarger bulb lights and the safelight 
goes out. A second optional switch is for turning off the safelight 
at other times. 

‘The diagram B at the left shows connections for both automatic 
and independent control. Two switches are connected as in A, but 
a double-throw switch allows the safelight to burn independently. 


for elvilian 


EXPOSURES WITH HOME LAMPS 


Because the supply of flash and flood lamps 


[ PHOTOGRAPHY ] 


Exposures in Seconds 


h curtailed, the follow- [Distance of 


Tens 
Open 


ing exposure table for taking indoor pictures 
with ordinary home-lighting bulbs will prove 
useful. Many photographic results are superior 
when less light and longer exposures are used. 

This exposure table is based on the use of 
extra fast panchromatic films and white-lined 
cardboard reflectors. The next larger lens open- 
ing should be used for films of medium speed, 
and the second larger opening, or four times 
the exp for slow films. Box cameras 
should be considered as having a lens stop of 
1/6. 

If the walls of the room are a dark color, use 
‘one lens opening larger. The smaller of the 
two lamps should be used as a camera light 
pointed directly at the subject, the larger lamp 
being used as a side light placed at 45 deg. to 
the camera axis, and 2’ higher. Both lamps 


should be the same distance from the subject. 


amps to subject 
in feet 


a 
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SIMPLIFIED UNIT MAKES 
IDENTIFICATION PHOTOS 


HE wartime need for identifica- 

tion photos prompted the build- 
ing of this simplified unit, which can 
readily be operated even by persons 
unfamiliar with photography. 

A cabinet containing a fixed cam- 
era and brackets supporting two 
No. 1 flood lamps and reflectors is 
fastened to a wall. The height of 
the camera above the floor is the 
average height of a person’s face. 

‘Two brackets with ordinary half- 
round reflectors were cut down from 
regular drafting-table lamps. Al- 
though the reflectors are adjustable 
as to position and direction, they 
are set properly once and then mere- 
ly swung into and out of the cabinet 
without changing the adjustment. 
‘To give better lighting, one lamp is 
‘above eye level and one below, the 
lower reflector being screened with 


Film packs are used because exposed films 
can be removed separately for convenience 


This photographic unit is 40 orronged and adjusted 
that any personnel employee can take good pictures 


white tracing cloth. A buff roller shade is pulled 
down from the ceiling behind the subject. 

‘The fixed camera is a wooden box built for a 
10.5 cm., £/4.5 lens and shutter taken from an 
old 24” by 34%" camera. Film packs are used so 
that any exposed negatives can be removed one 
at a time for developing and printing without 
wasting film, Small 15%” by 2%" packs are used, 
as the rather long and narrow shape compensates 
for the varying heights of subjects. 

Before the lens board of the camera box was 
fastened in place, a ground glass was inserted 
where the film pack fits and the camera focused 
for the size of image desired. With the camera 
illustrated, the distance from lens to film is 5" 
and the distance from lens to subject is 53” 
‘The lens board was then fastened in the camera 
box, and the camera held in place on a shelf in 
the cabinet with short dowels. ‘The lens is stopped 
at £/9, and the shutter set at 1/25 second. 

Such a camera is inexpensive to build, and the 
use of a lens with a comparatively long focus 
eliminates the “fattening” effect so common in 
close-ups made with the average small camera. 
‘The back of the camera opens on hinges to release 
the film pack. All of the joints must fit tightly 
so as to prevent any light leaks, and the camera 
should be painted black inside. The dimensions 
of the camera box will be governed by the size 
of the film pack used and the thickness of the 
stock used in making the box. As shown in the 
accompanying photographs, the front of the top 
is cut away to accommodate the shutter-setting 
dial and cable release—WILLARD ALLPHIN. 
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ELECTRONIC PHOTO TIMER 


most of the material you need to build 

this useful interval timer. It can be 
set to shut off a printing or enlarging lamp 
after exposures of from 2 to 56 seconds, and 
all subsequent exposures at the same setting 
will be uniform. For longer exposures, the 
original interval can be repeated by pushing 
the button again. The circuit will work with 
almost any two tubes, or with any one of a 
variety of twin-element tubes. Tubes no 


Yuet find in the radio-parts junk box 


longer fit for radio use will do provided the 
filaments are good. 

Much as a sand glass keeps track of time 
by allowing sand to trickle from a reservoir 
through a tiny opening, so this electronic 


Above is a diagram of the wiring hookup. Be 
sure to use a suitable line-cord resistor. 
Below, on inside view of the timer is thown 
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timer allows electrons to trickle from a 
reservoir (a condenser) through a tiny open- 
ing (a high resistance). A 4-mfd. condenser 
is charged by the rectifier unit when the 
push butten is pressed, and the charge leaks 
out slowly through a variable resistor across 
the condenser. 

As long as the condenser is charged, it 
puts its full negative potential of about 150 
volts on the grid of the amplifier. This heavy 
negative bias on the grid blocks the plate 
current in the tube completely, and the re- 
lay opens, closing the upper contact that 
turns on the enlarger or other device. As 
the charge on the condenser gradually drains 
off through the variable resistance, the volt- 


By JOHN W. CAMPBELL, JR. 


NEON SIGNAL 


gives @ visual signal. A neon-glow bulb 
goes out when the button is pressed and 
lights again when the set time is up 


Built from Old Radio Parts 


age falls and eventually drops below the 
cut-off bias of the tube. The tube becomes 
conductive once more, and the relay is en- 
ergized, ‘opening the enlarger circuit. 

The essential parts are a rectifier tube, 
any type of grid-controlled tube, a high- 
quality bank of paper condensers, a high 
variable resistor of the volume-control type, 
a push button, and a relay. 

Paper condensers from the power pack of 
an old-type receiver are by far the best. 
Electrolytic condensers will not do, as they 
cannot hold a charge more than a few sec- 
onds. The condensers are the critical parts 
of the system. 

‘The original timer shown used a 4-mfd. 
paper condenser, a 5-megohm variable re- 
sistance, and a 12A7 tube. A 100,000-ohm 
protective resistance in series with the vari- 
able resistance prevents it from short-cir- 
cuiting the condensers and rectifier when set 
at zero, and makes the minimum time about 
1% seconds. 

‘The 127 tube is not the best for the pur- 
pose. It takes 13 volts grid bias to cut off 
the plate current in that tube; therefore, 
when the condensers fall to 13 volts, the 
relay closes. A tube that cuts off the plate 
current at 3 volts would give a time interval 
of about 80 seconds with the same resistance 
and condensers. A 6J7 or 6SJ7 tube would 
serve nicely as the grid-controlled element. 


WINDING HEATING ELEMENTS 


The 40-mfd. electrolytic condenser across 
the relay delays the opening of the latter 
long enough after the button is pressed to 
permit the paper condensers to reach full 
charge, and, in addition, prevents relay 
chatter. 

If a pentode-type, grid-controlled tube is 
used, it is simply connected as a triode, with 
its screen grid connected to its plate. The 
rectifier tube can be any type—for example, 
a pentode with control grid tied to cathode 
and screen grid tied to plate will serve. A 
single twin-unit tube can be used provided 
the two units in the tube have separate 
cathodes. 

An old audio transformer can be convert- 
ed into an efficient, heavy-duty relay for use 
with this rig. Simply unbolt the core pieces 
and rearrange them to make an E-shaped, 
3-pole electromagnet. This can be done with 
some cores merely by lifting off one section; 
those composed entirely of E-shaped lami- 
inations are converted by reversing half of 
these to match the other half. 

Use only the primary winding of the 
transformer. The armature is fitted with 
contact points from an old buzzer, phone 
jack, or some similar device. A’ spring 
‘normally lifts it off the magnet. ‘The double- 
throw switch shown enables one to turn 
on the enlarger as long as desired for 
focusing. 
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made from coiled niekel-chromium resistance wire. The 
bors ou 


~ 
Pi 


| Heosbaiiasses FA 
Saehsunsues 


BRSEERSERNEGE 
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"TO USE this table, measure the space available for the colled wire and estimate the desired 


wattage. From a tabie that 


elect the size best sulted. using the middie size wherever possible. 
If the space will take a longer coll than the middle size, Cy 


377 tong is to be wound on a 

middie ‘size 1s. No. 

StGnIghE wite, Divide 2.6 by 3.33, which reaults in 21.1" of cloee-cotied 
it would be stretched ‘a tile over twice 


{from 114 to 4 times closed coil length 
using, the next, 
Example: 


I 
that sizes. from Ne 


Si tong, 60 i 


ves the length and size of resistance wire for the wattage desired, 


Coiled. wire: may be stretched 


* arbor. You will find 
, Which takes 23.6" of 
"wire. The element space 18 
{ts length, which is satisfactory. 


POPULAR SCIENCE MONTHLY SHOP DATA 


Giant tronsformers like these are used for 


pping up voltage in long-distance transmi 


ission of power 


HOW ELECTRONS WORK 


FIRST STEPS IN BLECTRONICS 


By CHARLES |. HELLMAN 


HEN it was once learned that mag- 

netism could be produced with elec- 

tricity, scientists strove to do the 
converse—that is, to produce electricity 
with magnetism. Michael Faraday success- 
fully performed the first experiments that 
generated an induced current, which we to- 
day know as a flow of electrons. This 
Faraday experiment is shown in Fig. 1. 

‘A coil of wire containing many turns is 
connected to a galvanometer. When a bar 
magnet is thrust into the coil, the galvanom- 
eter needle swings aside, indicating that 
an electric current has been produced in the 
coil. When the magnet is withdrawn, the 
needle swings to the opposite side, showing 
that a current of opposite direction has been 
produced, or that the current has been re- 
versed. This process of producing an electric 
current—of setting electrons in motion—by 


HW 296 


means of a varying magnetic field is called 
electromagnetic induction. 

It is possible to increase induced voltage 
by using a coil with more turns, by 
strengthening the magnetic field, by mov- 
ing the magnet faster, or by a combination 
of the three. In the huge dynamos that 
generate A.C. from the motive power sup- 
plied by water wheels or steam turbines, 
there are coils with many hundreds of turns, 
extremely powerful electromagnets, and a 
high relative speed between the two. 

‘Another tremendously important applica~ 
tion of the principles of induction is found in 
transformers, which are an integral part of 
power-supply systems. A transformer, 
shown in simplified form in Fig. 2 and 
in cross section in Fig. 3, consists of two 
separate coils—the primary and the second- 
ary—wound on an iron core. When A.C. 
is sent through the primary, a magnetic field 
is set up. This magnetic field, varying in 
both intensity and direction, travels through 
the core and into the secondary coil, induc- 
ing a voltage in it. The process of inducing 


a voltage from one circuit to another is 
called mutual induction. 

One of the greatest advantages of a trans- 
former is its ability to step A.C. voltage up 
or down by the use of the proper ratio of 
turns on the primary and secondary coils. 
If the secondary has more turns than the 
primary, the induced voltage in the second- 
ary will be greater than that applied to the 
primary, and vice versa. 

A transformer is not limited to two wind- 
ings. It may have, for instance, a primary 
and a number of secondaries. Such types 
are used in radios to furnish both high volt- 
age for the operation of vacuum-tube plate 
circuits and low voltage to heat the tube 
filaments. 

Electrical power is most efficiently trans- 
mitted over long distances if it is kept at 
high voltage and low current. The output of 
the dynamo at the generator station is 
stepped up by transformers to meet these 
transmission requirements and stepped down 
again for application at the receiving end. 

Self-induction, occurring when a varying 
flow of electrons is sent through a coil, is 
defined as the cutting of a wire by the lines 
of force flowing through it. When the wire 
is cut by this expanding magnetic field, a 
momentary electromotive force (E.M.F.) 
opposed to the applied one is induced. If the 
flow through the wire is stopped, the mag- 


netic field collapses, again cutting the wire, 
but this time in the opposite direction, When 
a changing electronic flow in a coil causes 
changing magnetism in the core, this latter 
in turn induces a flow of electrons in the 
coil itself. As long as the flow in the coil in- 
creases, the lines of magnetic force increase, 
and electron movement set up in the coil 
will be in opposition to that producing the 
magnetism. 

Since the counter electromotive force 
(C.E.MF.) of self-induction opposes any 
change in the flow passing through a coil, 
inductance produces an effect that is the 
electrical equivalent of inertia, Just as the 
inertia of an automobile becomes most ap- 
parent when an attempt is made to start or 
stop, so electrical inertia shows its presence 
when an electronic flow is varied in intensity. 

The reaction of a coil against the increase 
in the flow of electrons through it is known 
as inductive reactance. Coils that have’ as 
their main function reaction against these 
changes are called choke coils, 

Self-inductance shows itself by the pres- 
ence of an induced voltage due to a varying 
current, and the unit of self-inductance, 
known as the henry, has been defined as the 
value of inductance that produces an in- 
duced E.M.F. of 1 volt when the current 
through it varies uniformly at the rate of 
lamp. per second. Since some devices, espe- 


WITHIN WIRE COILS. 
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These are just some of the mony forms of iron-core transformers and chokes used in electronic devices 


cially in radio, have small inductance val 
ues, the millihenry, or 0.001 henry, and the 
microhenry, or 0.000001 henry, are frequent- 
ty employed. 

A 2-watt neon bulb shows the intensity of 
the E.M.F, of self-induction in an interest 
ing experiment. Plug the bulb into a 120- 
volt lighting socket, and it will glow normal- 
ly. Connect it across an ordinary dry cell, 
and it will not glow at all. This shows that 
the bulb requires a voltage considerably 
above the 1.5 volts delivered by the dry cell. 

Now place the bulb in the circuit shown in 
Fig. 4. Connect the wire W to the dry cell; 
then remove it suddenly. One plate of the 
neon bulb will glow momentarily, indicating 
the application of a high voltage. This 
voltage is produced by the sudden drop of 
the electronic flow through the primary 
of the transformer. The resulting de- 
crease of the magnetic field through the coil 
produces a high E.M.F. of self-induction. 

That the transformer transfers power, but 
does not create it, is shown by the experi- 
ment in Fig. 5. A 25-watt lamp is used to 
indicate how much primary current flows. It 
glows dimly when no load is applied to the 
secondary. When a 60-watt bulb is placed 
across the secondary as a4 load, the bulb in 
the primary circuit glows brightly, indi- 
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cating that the primary is drawing more 
power in order to supply the output. 

‘To show mutual induction, connect a neon 
bulb to the high-voltage secondary of a re- 
ceiver transformer as in Fig. 6. If the con- 
nection of the primary to the dry cell is 
broken quickly, the neon bulb will flash, and 
it will do so whenever this primary circuit 
is broken, Electrical power is transferred 
by mutual induction from the primary to the 
secondary and is stepped up in the process. 

An output transformer that may be ob- 
tained from an old receiver can be used as 
a step-down transformer. The primary leads 
are connected to the 120-volt A.C. leads 
through the 60-watt bulb (Fig. 7). The sec- 
ondary output is about 2 volts and may be 
used when a low A.C, voltage is needed at 
approximately 1 amp. The exact voltage 
may be found by using an A.C. voltmeter, 
or by trying several flashlight bulbs of dif- 
ferent voltages. Try all the bulbs, starting 
with the one of the highest voltage. If a 
2.5-volt bulb, for example, glows brightly, 
the output voltage is about 2.5 volts. 

This little transformer is useful for oper- 
ating buzzers, lighting flashlight bulbs, and 
the like. The 60-watt bulb is a protective 
device in case the transformer is defective 
or improperly wired. 


Servicing Your Radio 


EADS on replacement transformers, color- 

coded in much the way that condensers 
and resistors are coded, save about 50 per- 
cent of the soldering time required for parts 
furnished only with lugs. Below are some of 


er, LF., output, and audio transformers. All 
manufacturers do not adhere to a standard 
form of color code for their products, how- 
ever, so it is advisable to check the part 
first with an ohmmeter to make sure that 


the colors usually found on the leads of pow- the color code has been used. 


~ POWER TRANSFORMERS have at 
least 11 leads. On the standard 
110-120 volt type, the primary 
winding has two black leads; the 
tapped secondary to the rectifier- 
tube plates, two red and one red- 
yellow; the tapped secondary to 
the rectifier-tube heater, two’ yel- 
> low, one yellow-blue; and to the 
amplifier-tube heaters, two green 
and one green-yellow. The two- 
tone leads are the taps. 


a 


1.F. TRANSFORMERS are simpler. 
The primary winding has a blue 
lead connecting to the tube plate 
and a red to the B+, while from 
the secondary a green lead connects 
to either the grid or diode of the 
following tube and the black to 
either the A.V.C. or ground. Where 
there is a tapped secondary wind- 
ing, such as in a detector stage em- 
ploying full-wave diodes, the lead 
is usually green-black. 


OUTPUT TRANSFORMERS have a 
blue lead from the primary to the 
power-tube plate and a red to the 
B+ of the power-output tube, while 
for push-pull there is an extra blue 
lead to the plate of the other out- 
put tube used. The secondary to 
an electrodynamic-speaker voice 
coil has two or more leads, and the 
code varies, but the two leads from 
the speaker field are usually black- 
red and yellow-red. 


AUDIO TRANSFORMERS are col- 
or-coded almost universally. A blue 
lead connects the primary to the 
plate of the preceding audio ampli- 
fier or detector tube and a red to 
the B+, while a green lead con- 
nects the secondary to the grid and 
a black to either the “C” bias or 
chassis. If there is a push-pull 
tube, a second blue lead connects 
to its plate and a yellow on the 
secondary connects to its grid. 


THIS RADIO SLIDE RULE may be used 
to solve problems in reactance calcula- 
tions and is accurate within 2 percent. It 
enables electronics engineers to calculate 
in one setting of the slide resonance fre- 
quency, capacitive and inductive resist- 
ance, dissipation factor, and coil “Q.” 


PIANO-WIRE FRAME FITS OVER 
(DOOR CONTAINING AERIAL 


fea) 


AN AUXILIARY AERIAL can be built with 
suction cups to fasten on an auto window 
for better reception on an ordinary portable 
used inside a car. Two frames are made of 
piano wire. One, acting as a condenser, is 
hooked over the door containing the built- 
in portable aerial. The other is attached to 
the car window. Connecting wire A to a 
ground improves selection when the radio 
is used in the house.—Lakry RUFFNER, JR. 


ONE NEW NEEDLE of the floating- 
jewel type will last as long as the 
Phonograph. It has a resilient 
spring action and an unusual shape 
designed to protect both its point 
and the record from damage should 
the pickup be dropped acciden- 
tally. 

SHAFT 


PIECE OF PLASTIC (oaMaEW/NG) —S, 


SAPPHIRE NEEDLE POINT. 
[ACTION EXTENSION 
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ConRUCATED sPRING- 


A HATCHET SOLDERING IRON is said to 
give better balance and to be less tiring for 
the operator on many soldering operations. 
Incorporating all the features of plug-tip 
irons, it has in addition a special device in 
the shaft which keeps the handle cool even 
when the iron is used for long periods at a 
time. These irons are available in sizes of 
80, 100, 150, 175, and 200 watts. Each comes 
complete with a metal stand, and all ele- 
ments are replaceable. 


MINIATURE CERAMIC SOCKETS have been 
developed for use on ultrahigh frequencies 
with the 9000 series of miniature tubes and 
the 1S4 type. The sockets have contact 
points of heavily silver-plated phosphor 
bronze and are self-aligning so that they 
receive the tiny prongs without danger of 
fracturing the glass base of a tube when 
it is being inserted. The contacts can be 
oriented for minimum capacity effect. 


A. C. Motor Develops Full Torque at All Speeds 


‘TEP pulleys and gear reductions may be 

largely eliminated from the machine 
shop and factory of tomorrow, thanks to an 
adjustable-speed A.C. motor developed by 
Prof. A. G. Conrad, S. D. Smith, and P. F. 
Ordung, of Yale University. This revolu- 
tionary motor, perfected after three years of 
research, affords a wide choice of speeds 
with practically constant torque—something 
hitherto possible only by combining an A.C. 
motor, a D.C. generator, a D.C. motor, and 
an exciter in a complicated and costly 
hookup unsuitable for general use. 

With the new motor, which is powered 
from three-phase A.C. lines, a knob that can 
be operated with one hand provides com- 
plete speed control from a standstill to the 
maximum speed for which the motor is de- 
signed. The same control can be used to 
reverse the motor or to ob- 
tain a braking action to quick- 
ly reduce the speed of the ma- 
chinery driven. In the latter 
case the motor acts as a gen- 
erator due to a reversal of the 
power component of the arm- 
ature current 
High starting torque makes 


pulleys, 


motor and control unit. 
At the right above, Prof. 
Conrad explains 

diagram of the new motor. 


The control unit con readi- 
ly be mounted independ 
ently of the motor and 
in easy reach of the 
operator, as shown on the 
drill press ot the | 


In conjunction with step 


speed range is possible. 
The autotransformer con- 
trol involves no energy 
loss such as resistors do 


loads readily, yet the armature currents at 
starting are at low voltage. The input cur- 
rents are therefore small and do not occa- 
sion line-voltage disturbances as conven- 
tional motors do. Applied to the home of 
tomorrow, this means that lights will not 
dim momentarily when the refrigerator or 
oil burner starts up. 

Operators of lathes, drill presses, and 
other machine tools powered by this type of 
motor will be able to obtain many speeds 
without shifting belts or gear-drive levers. 
As torque is constant, plenty of power will 
be available at all times for drilling and 
similar operations to be done at low speed. 

‘The new control produces an unbalance of 
line currents that makes its application to 
very large motors undesirable, but this 


does not apply in the case of small motors. 


perimental 


vector 


tremendous 
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with thorough washing of the hand- 
wheel, bobbin winder, and mecha- 
nism in the left side; then brush gaso- 
line on the treadle and large belt 
wheel. Remove any thread or lint 
that may have collected around the 
wheel shaft or pitman rod connecting 
the wheel and treadle. 

Under the front shuttle slide there 
is usually a little well filled with wool 
waste. From this well a very small 
hole runs to the shuttle race in the 


Coaxins New Life 


oe of the (OZ), 


unused and even obsolete sewing ma~ 

chines can be put back into service by 
thrifty wives and mothers who wish to 
make and repair family clothing to help 
along the budget or because of real and 
threatened scarcities. Grandmother's gilt- 
decorated relic, as well as machines of more 
nearly contemporary make, can be reno- 
vated so as to do excellent work. Cleaning 
and readjustment are all that many such 
old machines need. 

‘The first step, regardless of the model, is 
to clean and oil the machine thor- 
oughly. Remove the thread, bob- 
bin, and shuttle. ‘Take off the 
plate through which the feed points 
project and the large vertical plate 
‘above it after removing the screws 
that hold them. If there is a plate 
on the back near the handwheel, 
remove it also. Using an oil can, 
squirt a generous amount of gaso- 
line in each oil hole and on all mov- 
able parts and joints. 

Next, tilt the head back, arrange 
a drip pan such as a shallow bak- 
ing pan underneath, and wash the 
machine thoroughly with a brush 
dipped in gasoline. Be extremely 
careful, for gasoline is inflammable 
and explosive. Never use gasoline 
near an open fire, nor in a room 
that does not have ample ventila- 
tion. 

Follow the cleaning of the head 


Rr from attic and basement, long 
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‘Adjust tension of the lower thread by 
the screw that holds th 


By BENJAMIN NIELSEN 


case of a vibrator (long-shuttle) machine. 
When this wool is saturated with oil, just 
enough works through to lubricate the shut- 
tle. Take the wool out and clean the hole 
with a pin; then wash the wool in gasoline 
and replace it or use new wool. 

Most oscillator-type machines have a split 
piece of felt that rubs on the shuttle race, 
‘This felt should be cleaned, oiled, and ad- 
justed, if necessary, so that it rubs both 
sides of the shuttle. It is good practice to 
clean and oil it occasionally when the ma- 
chine is in use, Many machines with ro- 


htening or loosening 
flat tension spring on the shuttle 


tary shuttles—the third common type manu- 
factured—have an oil hole in the shuttle 
race. This should be oiled frequently. 

Before doing any oiling, however, run the 
machine for a few minutes, wipe all the 
parts dry with a clean cloth, and wait an 
hour to allow all traces of gasoline to evap- 
orate. If it is more convenient, kerosene 
may be used instead of gasoline, but in this 
event 24 hours should elapse between clean- 
ing and oiling. Use only a good grade of 
sewing-machine oil and drop it in every oil 
hole and on every friction surface. 

Unnecessary play can be taken up in most 
joints by turning an adjustment screw. 
Make only one adjustment at a time. If it 
does not correct the trouble, return it to the 
original position before trying another. Run 
the machine after each slight adjustment to 
avoid passing the proper setting. 

Correct adjustment of both upper and 
lower tension, as shown in the photographs, 
is the determining factor of a proper stitch, 
one in which both threads are precisely at 
the same tension and produce a line of 
stitching exactly the same on both sides of 
the material. 

In testing the stitch, double a piece of ma- 
terial and sew across it for a few inches 
with thread of the correct size. Remove 
the piece from the machine, hold the stitch 
with about 1” of it between thumbs and 
forefingers, and pull steadily until there is 
a snap. If both threads are broken, the 
tension is even. If only the upper thread is 
broken, the upper tension is greater; if only 
the lower is broken, it is the lower tension 
that is greater. Hither tighten or loosen 
one of the tension screws, depending on 
whether the stitch is loose or tight. 

After cleaning and oiling, if the machine 
still runs hard, the belt may be too tight or 
too loose, or the bobbin winder may be run- 
ning on the belt or wheel. Missed stitches 


Why Thread Tensions Must Ge egual 
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TOP THREAD TIGHT: 
BOTTOM THREAD Loose 
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may be caused by a bent or broken needle, 
one too fine for the thread, or one not suited 
to the machine itself. The needle also may 
be set too high or too low. On modern 
makes, it should be pushed up as far as it 
will go, but.on older models it must be set 
so that the eye is 1/16” to %" below the 
point of the shuttle when that point is near- 
est the needle. 

Stitches may be missed if the shuttle 
point is dull. It may be sharpened on a 
fine whetstone, but whet only the round side 
of the shuttle, not the flat side, A shuttle 
that has a broken point will have to be re- 
placed, Dirt lodged under the tension spring 
or between the tension plates may cause 
looped stitches on one side of the material. 

Breaking of the upper thread may indi- 
cate incorrect threading, or the needle may 
be turned wrong in the machine. If the 
lower thread breaks, the shuttle or bobbin 
case may be threaded improperly, or the 
thread may be wound unevenly on the bob- 
bin, Bending the thread guide in the direc- 
tion of least winding on the bobbin will cor- 
rect the last. A rough needle hole in the 
throat plate may also cause thread to break. 
Smooth the hole with a small reamer. 

If stitches “pile up” because the material 
is not advanced regularly, make sure the 
presser-foot pressure is great enough to hold 
the cloth against the feed teeth. ‘These teeth 
may be too low, but on most machines they 
can be raised by turning an adjustment 
screw. They should rise about 1/32” above 
the plate. If the teeth are dull from wear, 
they may be sharpened with a stone or file. 


The upper thread must have the same tension as th 
lower to insure proper stitching on oll mate 
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FRONT-DOOR MATS constructed of hard- 
wood links fixed on wooden dowels have been 
developed to take the place of rubber ones. Bev- 
eled ends reduce the danger of tripping, and 
the mats can be folded or rolled into a compact 
package when they are to be stored. The wood 
is easily kept clean, for soap and water will not 
harm it, Mats are 1” in thickness, but come in 

——~various lengths and widths from 18” by 32” to 
30” by 44”, 


painted. 
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PAPER SANDBAGS like 
that at the left, if dropped 
on a nonexplosive incendi- 
ary bomb from a height of 
3’ or more, will burst and 
smother it under a layer of 
sand. The bags are sealed 
against moisture and will 
withstand ordinary han- 
dling without breaking. 


PUTTY IN TAPE FORM 
comes in handy rolls for 
home repair jobs. It will 
not dry out, crack, or 
otherwise deteriorate in 
storage. To fix rattling 
windows, as at right, cut 
the strip to the required 
length, lay it over the old 
putty, and press down 
firmly. When it dries to a 
dark gray it may be 


INSULATION RETAINERS made of gyp- 
sum, wood, or metal have been devised to 
hold insulation firmly in place. The strips 
are 24” by 1,” and fit diagonally between 
studs spaced 16” on centers, overlapping 
the horizontal joints of house insulation. 
In many cases the retainers may solve 
the problem of holding insulation perma- 
nently in place. They have notches in 
each end for nailing into studding. 


GLUE CLAMPS that have no threads or 
other turning parts are said to have a grip 
of almost 100 Ibs., and will hold glued work 
up to 12” in size. They are made of smooth- 
ly finished hardwood, with cork pads to pre- 
vent work from being marred. The sliding 
member has a hole slightly larger than the 
bar and is fitted with two friction shoes 
which exert a wedging action when pressure 
is applied at the ends of the jaws. 


A WINDOW LUBRICANT 
that will not stain any- 
thing with which it comes 
in contact is shown at the 
right. It can be applied 
with a brush to either 
wood or metal surfaces. 
All rust should be removed 
from metal surfaces be- 
fore the fluid is used. 


PAPER CAULKING GUNS 
now take the place of 
types. The 
shown at the left works 
on the principle of the old- 
time bellows. After the 
plug at the top is released, 
the bellows end is pressed 
and the caulking material 
dispensed in much the same 
way that toothpaste is 
squeezed from a tube. The 
gun comes already loaded. 


metal 


PLASTIC SPRAY PUMPS which can be used 
for spraying small plants, flowers, and the 
like have been developed. ‘The spray solution 
is contained in an ordinary Mason jar, and 
the pump part fits on the threads of the 
glass. It is easily manipulated and carried 
from place to place, and can be used to 
great advantage in all small spraying jobs 
where a great deal of coverage is not 
needed, 


one 
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WHEEL CULTIVATOR 
for Your Victory Garden 


43 pLywooo 


WHEEL cultivators are disappearing from the \ 
market, but the Victory gardener can build @ Serv- aon crap 
iceable one from simple materials. The five-pronged 
tool can either be bought as a wheel-hoe accessory 
or taken from a hand cultivator. A bicycle wheel 22" 
was used for the implement in the photos below. ki 
Panels of 14” plywood join the frame 
members and support the tool rigidly. 

A smaller wheel, such as one from a 
discarded tricycle, should be used in the 
alternative design shown in the drawing. 
‘This has the advantage that force is ap- 
plied in a direct line to the cultivator 
prongs. Assemble all parts with bolts and 
nuts. Strap-iron extensions support the 
axle. Two braces make a rigid unit of 
the handle members and the lower frame. 


imensions depend on the size of the wheel, but 
the handle should come to about elbow hei 
bolts and nuts throughout in assembling 


To MAKE this model search- 
light, obtain a 2-cell, pen 
flashlight bulb and with a 
small soldering iron melt the 
two drops of solder on the 
side and bottom of the base. 
Wipe off the melted solder 
and free the two wires. Next, 
cut away the shell with a tri- 
angular file or a jeweler’s saw 
(Fig. 1) and carefully chip 
away the cement underneath. 
Solder a 6” length of copper UEnoTw oF wine 
wire to each of the two wires 
protruding from the bulb as 
in Fig. 2. Insulate them with 
several coats of shellac; then 
bring them both to one side 
of the bulb as shown in Fig. 


weut so.oen 


7 sane UL 


3, Coat the entire bulb, ex- 
cept for the magnifying tip, 
with aluminum paint. Mold 
plastic composition wood 
over it, let dry, and sand to 
shape—N. P. GUIDRY. 
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Above, the realistic searchlight is 


shown ‘compared to a cigorett 
lead wires should be well 

so they will not be exposed when th 
molded shape is sanded down. Use 
cone or two pen flashlight cell 
depending upon the light desire 


Professional Tricks 


WILL BETTER YOUR 


Lab Technique 


number of experiments which 
may be performed in the home 
lab with simple equipment and only 
@ limited number of operations. If 
you familiarize yourself thoroughly 
with the use of your equipment and 
master the best technique for carry- 
ing out various operations, your hob- 
by becomes simpler, more enjoyable, 
and more scientifically valuable. 

Once you learn how to handle 
chemicals properly, the results of ex- 
periments become more conclusive, 
and dangerous accidents are less 
likely to occur. The following hints 
are fundamental to all laboratory 
practice, and should be kept well in 
mind when working out any experi- 
ments in the home lab. 

‘To begin with, the chemical laboratory 
must be kept scrupulously clean. A tiny 
speck of foreign chemical in a bottle of 
tested-purity reagent may spoil a test. A 
few grains of chemicals mixed in error may 
cause an explosion. For these reasons, 
never return excess chemicals to a reagent 
bottle. Either save the chemicals for an- 
other experiment or throw them away. 
Small quantities of dry reagent may be re- 
moved from a bottle with a clean spatula or 
a strip of paper folded to form a scoop. 
Never lay glass stoppers on a table where 
they might become contaminated, but place 
them in a clean glass or porcelain dish. 

When weighing chemicals, never place 
them directly on the scale pans. Use a 
creased square of white paper, balancing 
this with a similar piece. Have a supply of 
these on hand and throw the papers away 
as they are used. 

On precision scales, weights should al- 
ways be handled with forceps to prevent 
possible contamination or corrosion of them 
by substances from the fingers. 

Observe those caution signs on bottles of 


Tums is almost no limit to the 


Good equipment is essential in the home lab, One of the 
nocessities Is a wath bottle, 


which you can easily make 


chemicals! Keep bottles containing acids or 
ammonia away from your face when open- 
ing them. Bottles marked POISON should 
be handled with special care, and should be 
kept away from the mouth and skin, Wash 
your hands repeatedly while using’ poisons, 
and carefully clean up any spilled chemicals 
with rags that can be thrown away. If these 
precautions are observed you need not fear 
to use poisons. Asa further safeguard, keep 
a list of antidotes in a prominent place in 
the lab. 

A few chemicals require extra special 
handling. Yellow phosphorus, for example, 
must be kept under water, as it catches fire 
spontaneously in the air. Never touch this 
chemical with your fingers. You may be 
seriously burned. To cut a piece for use, 
remove a stick of it from its bottle with 
tongs and place it immediately in a dish 
filled with water. While still holding it with 
the tongs, cut pieces off the other end with 
a sharp knife. Be sure all phosphorus use¢ 
for an experiment is either burned or re- 
turned to the bottle. Pieces left lying about 
may cause a fire. (CONTINUED) 
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Above aro inexpensive devices 
for handling hot beakers, test 
tubes, crucibles, and the like. 
Ordinary hotfood tongs also 
are useful for these purposes 


Sodium and potassium metals 
must be handled with similar 
care. However, these must be 
kept under kerosene, as water 
causes them to decompose vio- 
lently and liberate hydrogen, 
which often catches fire from 
the heat of the reaction. Cut 
these in a dish under kerosene. 
Scrape off any coating of oxide and dip the 
pieces in some ether to remove the kerosene. 
Never throw waste sodium or potassium 
down a drain, as the reaction with water 
might cause a serious explosion. When 
reacting or cutting these metals, it is best 
to wear goggles to protect your eyes from 
possible spattering. 

That KEEP FROM FLAME warning 
found on certain containers means you 
must keep them at least twenty feet from 
any exposed flame—especially when open- 
ing them. The vapors of some inflammable 
liquids travel far and fast. Even if they 
do not carry a flame back to the bottle, they 
may form an explosive mixture with the air. 

Few experiments are performed in the 
home lab without the assistance of flasks, 
beakers, or test tubes. Be sure that all of 
these are sound and of good glass. For 
heating or reacting small quantities of 
chemicals, test tubes are ideal. They may 
be supported by a regular clamp on a ring 
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Bookers ond flasks 
should be one third 
full if the contents 
‘are to be boiled to 
dryness, Keep thom 
covered with a watch 
gloss 10 a8 to avoid 
dongerous spattering 


Certoin chemicals 
must be handled with 
great care. Yellow 
phosphorus is one. 
Never carry it ex- 
cept with tongs, ond 
olways cut it under 
water as shown below 


stand, or by a wire holder in the hand. 
All test tubes should be heated gradually. 
For heating dry chemicals, or for the de- 
structive distillation of coal, wood, and the 
like, use heat-resistant test tubes. 

Beakers should be used for heating large 
quantities of chemicals. Always protect 
these from direct flame by means of a 
square of gauze with an asbestos center. 
When heating or boiling a liquid for a very 
short period, a beaker may be filled about 
three quarters full. For boiling a solution 
away to dryness, however, fill the beaker 
only one third full and cover it with a watch 
glass to prevent loss from spattering. 

Florence flasks are the type generally 
used for boiling or distilling. Liquids are 
less likely to superheat or “bump” in the 
round-bottomed flasks than in the flat-bot- 
tomed type. A gauze square should be used 
under these also. 

A pair of tongs such as used in the 
kitchen for lifting hot foods makes an excel- 


lent device for handling hot beakers. Cruci- 
bles can be handled safely with flat tongs 
having tips bent almost to a right angle. 

Filtering is a laboratory operation which 
can be speeded and improved if proper at- 
tention is paid to details. Filter paper 
should be of a size which, when folded, 
does not reach quite to the top of the fun- 
nel. The long point at the end of the funnel 
should touch the receiving beaker near its 
top. This arrangement permits the continu- 
ous flow of the filtrate down the side of 
the beaker without splashing. 

Before pouring in the solution to be fil- 
tered, wet the sides of the filter with a 
stream of water from the wash bottle; then 
press the paper to the sides of the funnel. 

Hold a glass rod across the top of the 
pouring beaker and allow the liquid gently 
to strike the side of the filter paper about 
one fourth of the way down from the top. 
This glass-rod arrangement is useful when- 
ever liquids are poured from beakers. If the 
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gloss tubing are easily mad 
burner 


order to spread the flame, ond the tube 
so that it will heat evenly all around. 

flame turns yellow, remove the tubing and, holding 
the two ends, genily shape to the proper curvature 


beaker has no lip, the edge should be lightly 
greased with petroleum jelly to prevent the 
liquid from running down the side. 

Every home laboratory should have at 
least one wash bottle. Water from its nozzle 
can be used to wash down solid matter 
from the inside of beakers and test tubes, 


to moisten filters, to rinse the inside of 
glassware, and for many other chores. 

A wash bottle may be easily made from 
a500-ml. Florence flask, a two-hole stopper, 
and three pieces of bent glass tubing. The 
nozzle may be drawn from a piece of tubing. 

To make perfectly round bends without 
kinks, a sufficient length of glass tubing is 
first heated as shown in the photo above. 
Use a wing tip on your Bunsen burner to 
spread the flame. Hold the tube loosely and 
rotate it slowly to heat it evenly on all 
sides. Remove the tube from the burner 
when the flame turns yellow. Then, holding 
the ends with your fingers, shape it gently 
to the proper curvature. 
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WEIGHT PUZZLER. Suspend a 2-lb. weight 
from the center of a stout cord about 2" long. 
Now pull on the ends of the rope and you 
will find that you cannot straighten the cord. 
The explanation is not as puzzling as one 
might think, The more nearly horizontal the 
cord becomes, the more the forces exerted 
by the hands pull against each other, and the 
harder it is to lift the weight. By construct- 
ing a parallelogram, as shown in the draw- 
ing, it is possible to measure directly the 
forces required to lift a weight to any po- 


home 
“EXPERIMENTS 


PULL ON A= 2185. 
PULL ON EACH CORD= 
‘2x2 Ls = 4185, 


ees 


R= 218s. 
‘5x2 LBS. = IOLBS, 


TOTAL PULLING 
FORCE REQUIRED = 
2018S 


sition, To find the pull on each cord, divide 
the length of the cord by that of the diago- 
nal A of the parallelogram; then multiply 
the weight of the quotient so obtained, as 
shown in the two examples above, 


FOUR SIMPLE SCIENCE STUNTS 


WHY ARE GEARS NECESSARY? Tie a piece 
of twine to a flatiron, or some similar weight, 
and fasten the other end to the edge of a disk 
of wood about 1” in diameter mounted tightly 
on a pencil. Now try to twist the pencil in 
order to wind up the twine and thus move the 
iron. You will find you cannot budge it. The 
disk corresponds to high gear. If you take the 
twine from the disk and wrap it around the 
pencil instead, you will find the iron will move 
easily. The pencil, with its smaller diameter, 
corresponds to low gear. 


HEAVY CARS ride over uneven roads more 
comfortably than light cars because of inertia. 
The heavier the body, the greater is this inertia. 
A simple setup will demonstrate the effects of 
this. Suspend a little bucket from an improvised 
spring. The bucket represents the body of your 
car and the spring represents an ordinary auto 
spring. Tap the upper turn of the spring, and 
the bucket will respond quickly by vibrating 
greatly. If you weight the bucket and repeat 
the experiment, it will respond much more 
slowly, due to the added weight and the con- 
sequent increase in inertia. The vibration will 
not only be smoother, but the bucket will come 
to rest more quickly. 


AN OPTICAL RANGE FINDER which il- 
lustrates the principle of elaborate military 
ones can be made from a stick and several 
mirrors arranged as shown. The fixed mir- 
ror on the left-hand side is placed at a 45- 
deg. angle. In the center of the base, two 
small viewing mirrors are mounted, one 
having its face parallel to the left-hand mir- 
ror and the other fixed at right angles 
directly below it. The mirror on the right- 
hand end of the base is mounted so it re- 
volves on a calibrating scale below it. 
Placing one eye so that it can see part of the 
‘object in the upper’ viewing mirror and part 
in the lower one, rotate the right-hand mir- 
ror until the two images coincide. By meas- 
uring the angle of the movable mirror, a triangle 

may be constructed with its apex.at the object itself. 

‘The scale on the mirror may then be calibrated to e 
read the distance directly, wee 


OBJECT 


SHOW WHY YOUR AUTOMOBILE ACTS AS IT DOES 


YOUR CAR MUFFLER is a metal cylinder through 
which sharp puffs of exploded gases are bent around 
circuitous paths in a stream so steady that it is al- 
most silent. A model muffier can be built from a card- 
board tube and five or six cardboard disks perforated 
and arranged as shown. Whistle through the tube 
before the disks are in place—the sounds go through 
clearly. Arrange the disks and try again. This time 
the sounds you make will be almost inaudible. 


CAR BRAKES should be 
checked frequently. 
What happens when one 
brake responds more 
quickly or with greater 
force than the other 
may be demonstrated 
with a toy car. Wind 
some string around the 
axle of the left wheel 
so that it retards the 
turning of the wheel, 
and let the car roll down 
an incline. Because of 
the unequal speed of 
the wheels, the car will 
slide into a definite 
skid. On a real car the 
reaction would be just 
the same and much 
more dangerous. 


MOVABLE 
MIRROR 


ARRANGEMENT 
OF DISKS IN TUBE, 
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How to Design 
Piers and Abutments 


for Your Model Railroad 


by David Marshal! 


HEN we speak of a steel bridge, we don’t 
really mean what we say, for only part 
of a bridge at most is ever made of steel. ‘This 
is the upper portion, or superstructure. Below 
it is the substructure of masonry or concrete 
to which the steelwork is anchored and upon 
which it rides. This substructure consists of 
two abutments and usually one or more piers. 

Piers and abutments, therefore, form the 
seats upon which the superstructure is erected, 
Steel slide or roller chairs are anchored to their 
broad upper surfaces, and upon these chairs the 
immense weight of the steel span rides with a 
certain freedom of movement. 

To anyone who understands their function, 
such chairs are as interesting as the span it- 
self. Indeed, if they are carefully modeled, they 
will enhance the effect of well-built piers and 
abutments beyond all proportion to their size. 


Bs 
PIER ABUTMENT! 


ABUTMENTS AND PIERS. An abutment is a sub- 
structural unit that supports one end of a steel 
span or superstructure. It differs from a pier 
in that it is normally of somewhat heavier con- 
struction because it must serve not only as a 
pier but also as a retaining wall. Usually the 
approach to a railway bridge is along an em- 
bankment, or fill, which must be retained where 
it ends abruptly at the bridge abutment. 

To a large extent this additional function of 
the abutment explains its many forms. Thus, 
if the embankment is low, or if the approach is 
along a trestle, we use a simple pier abutment 
(Fig. 1). If the embankment is high, we require 
awinged abutment (Fig. 2), which is structural 
ly no more than a pier abutment with two re- 
taining walls, or ramps. These always follow 
the slope of the embankment and may or may 
not lie in the same plane as the abutment. 

Chair abutments and pulpit abutments are 
usually employed with deck-type bridges. The 
seats of these abutments must lie well below 
the grade level and, to prevent the embank- 
ment from encroaching upon the seat, the abut- 
ment is extended upward to grade level along 
the embankment side of the seat and occasion- 
ally also around the ends of the seat. The 
former type is a chair, the latter a pulpit abut- 
ment. In both cases, the seat becomes a kind 


(MAY ALSO BE GUILT wr 
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of step in the abutment as shown in Fig. 3. 

A pier is usually lighter than an abut- 
ment because it meets only one strain in- 
stead of two—the downward thrust of the 
superstructure and not both that and the 
lateral thrust of embanked earth. Piers are 
employed, however, only if the bridge is 
one of the type that is composed of more 
than one span. 


RULES OF SPACING. In the field of railway 
bridge building, American practice is char- 
acterized by the types most easily erected. 
Plate girders are favored for spans up to 
50’ and rivet trusses for those from 50’ to 
75'. For viaducts, that is, for bridges of 
more than one span, girders are preferred. 
Pin trusses are indicated for all spans of 
more than 75’, but rivet-truss bridges, with 
certain exceptions, are the largest the av- 
erage American model railroader can find 
space for building. 

Any succession of piers must be built at 
center-to-center intervals of not more than 
50 scale feet for girders and 75 scale feet 
for rivet trusses. Since experienced railroad 
engineers say that nothing is gained by 
shortening girder spans, but that everything 
is gained by keeping the trusses as short as 
possible, the rule for model builders is to 
keep trusses as short as possible and to 
space the piers for girders at as near a 
maximum of 50 scale feet (12% inches in 0 
gauge) as equal intervals will permit. 


CONCRETE COLOR. Railway abutments and 
piers are made of brick, stone, or concrete, 
‘but we build them all of wood. ‘The concrete 
specimens are weather-streaked plain sur- 
faces and perhaps a little smudged. But 
clean or dirty, all concrete jobs are of a dis- 
tinetive color, so if your model work is to be 
convincing, it must be painted accurately. 

Use nothing but flat colors, never a glossy 
paint or an enamel. To find your concrete 
color, begin with a flat white and add a lit- 
tle yellow ocher and a little black. The pro- 
portions are difficult to prescribe, but you 
can't go wrong if you take your colors and 
‘a sample piece of wood outdoors on a day 
when the sun is not too bright. Set your 
sample against a piece of real concrete and 
continue mixing paint until an effective 
match has been achieved. You may have to 


Much of the success in buil 


ing model-railway scenery depends upon def 


mix the paint several times—but your pa- 
tience will be rewarded if, at the end, the 
color is correct and realistic, 


STONE AND BRICKWORK. For model stone 
masonry, there are several points to be ob- 
served. The blocks used in a stone retain- 
ing wall are 48” long and 15” high. The 
same size blocks are also used for the lower 
courses of stone abutments and piers, ex- 
cept where surfaces are curved. As the 
courses rise, the stones are shallower. For 
the upper courses, half stones of 10” by 24” 
are usual. Stones are often dressed for re- 
taining walls at stations, but at other loca- 
tions the faces that are exposed to view 
are rough. 

Dressed stones in a single plane are easily 
imitated. Lay out the horizontal courses 
and staggered vertical joints on a piece of 
white pine, using a hard pencil; then scribe 
them into the wood. An excellent scribing 
tool can be made of a nut pick sharpened by 
filing. With a steel ruler as a guide, run the 
sharpened pick along each penciled line, cut- 
ting deeply into the wood. To produce the 
effect of V-joints, widen the cuts by forcing 
a blunt pick along them, being careful not 
to employ too much pressure. 

Rough stones are made of 4” whitewood 
cut into strips to represent each course of 
stones. Bevel the strips along both edges to 
simulate horizontal joints. To make vertical 
joints, scratch the strips deeply with one 
corner of a file at regular intervals. Next 
scoop small bits out of the face of each 
stone with a pocket knife. Finally, glue and 
tack the strips in place on a surface of 1” 
pine. All kinds of stones, from wedges and 
keystones to panels and buttresses, can be 
made in this way. 

Paint stone masonry a dirty white, get- 
ting the paint well into every chink and 
crack. Then brush on a granite color lightly, 
covering all stone faces but missing most of 
the scribed lines. The effect of this will be 
the dirty white showing through as mortar. 
Granite color can be achieved by using gray 
paint as a base and adding raw umber and 
a touch of blue. 

Successful brickwork is achieved by light- 
ly scribing the horizontal lines on wood and 
painting a dull and soot-blackened brown. 
‘The staggered vertical lines are omitted. 


of piers and abutments 
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Cardboard, scraps of 
wood, and cement ore 
to make 
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Model Girder Bridge Can Be Built for a Few Cents 


MODEL through-girder bridge that will 

be realistic and surprisingly strong can 
be made of 1/16” thick glossy cardboard and 
thin wood such as can be bought at model- 
airplane supply houses. Full-size dimen- 
sions are given in the drawing, but these 
may easily be scaled down for an O-gauge, 
00, or HO system. 

Cut the web plates to shape first. These 
can be cut to any length up.to about 75’ 
scale size. Plates longer than 30’ should 
have two or more splice plates instead of 
one. Glue on the splice plates and also the 
flat sides of the angle stiffeners all around 
the perimeter of the two web plates. Next, 
cut cardboard filler strips to go under the 
flat sides of the vertical angle stiffeners, and 
glue wooden faces to the sides after these 
are in place. 

A strip of cardboard equal in width to the 
distance between the outstanding faces of 
the stiffeners on both sides is glued around 
the perimeter of the entire web. This strip 
forms the outstanding face of the perim- 
eter angle stiffeners. 


Rivet heads may be cleverly simulated 
with a typewriter. Set the machine for 
stenciling and, using stiff, glossy paper, 
strike the keys with enough pressure to 
make sharp impressions on the opposite side 
of the paper without cutting through it, 
Glue ‘strips of the indented paper to the 
perimeter angle stiffeners, splice plate: 
cover plates, all of which have a double ae 
of alternately spaced rivet markings. The 
vertical angle stiffeners have one row of 
single-spaced rivets. 

The entire bridge is next given a coat of 
diluted shellac, followed by black, green, or 
orange show-card paint. 

‘A piece of plywood extended to rest on 
the abutments and supported on strips at- 
tached to the girders makes a satisfactory 
floor. Girder footings vary in type accord- 
ing to span lengths. For very long spans, 
use rocker shoes and set one of these on 
roller shoe. The drawing shows two types 
of shoes supporting one span in order to 
illustrate both footings, but in practice the 
shoes would be of the same type. 


By KENNETH M. SWEZEY 


NE way of contributing to the war ef- 
fort is to take scrupulous care of home 
metalware that is still too useful to be 
turned in to the scrap drive. By learning 
the characteristics of different metals, and 
by applying this knowledge, you can pro- 
long the life and preserve the beauty of 
objects made from them, thereby freeing 
men and materials that might otherwise be 
needed to make replacement goods. 
Aluminum utensils should never be cleaned 
with alkaline solutions such as washing soda 
or trisodium phosphate, since these will 
darken and pit the metal. A bland soap is 
usually sufficient to keep aluminum ware 


gleaming, with the occasional use of very 
fine steel wool to remove stains. 

You have probably noticed that when you 
cook certain foods in aluminum pots, the 
pots become darkened and discolored. ‘This 
is because such foods contain soluble salts 
of metals, such as iron. The aluminum com- 
bines with these salts, freeing the metal they 
contain, which is deposited on the inside of 
the pot. Instead of trying to scour it off, 
simply cook some acid food, such as rhu- 
barb, tomatoes, or the like, in the same pot 
—and behold—the mineral matter will be 
completely recovered in the form of valuable 
food elements, and your pot will be bright as 
a dollar again! 

‘Tinware is really made of iron or steel, 
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coated very thinly with tin for protection. If this 
coating is subjected to careless treatment, it will 
break off, and the pan will rust. Such utensils 
should never be scoured. If you wish to remove 
burnt food, boil water containing baking soda or 
washing soda in the pan for a few minutes. 

Enameled pots and pans should be treated as 
carefully as your choicest glassware, since the 
enamel coating is a close relative of glass. Sud- 
den heating or cooling will cause the enamel to 
crack, and any sharp knocks will chip it. 

Grease can be removed from iron pans by 
washing them in hot soapy water, or in a solu- 
tion of washing soda and water. Since iron rusts 
easily, the pans should be dried carefully. If you 
wish to store an iron pot, coat it with a saltless 
oil or fat, wrap it in paper, and put it away in a 
dry place. 

Chromium-plated and nickel-plated articles 
may look alike, but they should not be treated 
alike, Chromium plating is highly resistant to 
tarnish, but it can be scratched very easily. It 
should never be cleaned with any type of scour- 
ing powder or metal polish—a soft damp cloth 
is sufficient to keep it in its original bright con- 
dition, Nickel plating, on the other hand, tar- 
nishes more easily than chromium plating, but it 
may be cleaned with any gritless metal cleaner. 

Brass and copper pieces that have not been 
lacquered may be cleaned with a saturated solu- 
tion of table salt in warm vinegar, or with lemon 
rind and salt, hot buttermilk, or hot tomato or 
rhubarb juice. Copper cooking utensils should 
always be kept scoured, since the brown oxide 
or green carbonate of copper that forms from 
tarnish reacts with the organic food acids to 
create undesirable salts. 

first to be cleaned 


with any good rust 
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Chipped places on 
refrigerators ought 


<0 
Right, the exposed 
metal is smoothed ‘ = 
down with some emery 
paper, then coated 


with fouch-up enamel 
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. with o gritless 


To remove sticking food, soak a uter in 
soopy water and scrape with a wooden spoon 


Nickel-ploted wore con be safely polished 
leaner or whiting paste 


ss 


Unlocquered brosswore or copperwore is 
made clean with « solution of salt and vinegar 


Boiling washing soda and water in tinware 
about five minutes will remove burnt foods 
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HEARS as we know them probably 

date back to the sixteenth century 
or earlier, for they were apparently 
used by the Venetians. 

All shears fall into two classes: those 
whose blades are opened and closed by 
the pressure of one or more fingers and 
the thumb on the handle ends of the 
blades, and those which are closed by 
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the hand, but opened by a coil spring 
between the blades or by spring action 
of the handle itself. Common scissors 
are an example of the former class; 
pruning and grass-trimming shears are 
examples of the latter. Can you name 
those shown here? Write down your 
answers; then tum the page upside 
down to see how correct you are. 
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“Smoke” Armor 
(Continued from page 62) 


with gas masks. Research into screening 
smokes fitted into their thought and experi- 
mentation. Dr. Langmuir approached the 
problem of a smoke screen from the purely 
scientific viewpoint of obscuring physical 
objects by obstructing or diverting all rays 
of light by which they could be seen. 

He concluded that the effectiveness of any 
smoke must depend on the size, density, and 
color of the smoke particles, He concen- 
trated on the ideal particle size. Having ar- 
rived in his mind at that ideal size, he 
turned the job of producing it over to his 
assistant, Mr. Schaefer, who built a big 
“smoke box” on an upper floor of the Gen- 
eral Electric Laboratory. Soon from that 
upper floor there poured out such smoke 
that once the factory fire department came 
rushing to the scene to douse a nonexistent 
blaze. 

Schaefer made five model devices before 
he found one which apparently turned out 
the proper smoke particle, a liquid globule 
of microscopic proportions. He could mount 
to the top of his smoke box after creation of 
a smoke screen within it, and look down up- 
on that layer of cloud as an airman today 
looks down on the screens that are set up 
over American military targets by special 
smoke companies of the Chemical Warfare 
Service. He tested its obscuring power 
against various colors and shapes, with 
screens of varying thicknesses and heights. 

‘Then the National Defense Research Com- 
mittee brought in the Standard Oil Develop- 
ment Company's industrial production en- 
gineers to build a model unit for producing 
the Langmuir-Schaefer type of smoke screen 
in quantity. These engineers designed and 
produced within a month the first smoke- 
generator unit, working on the job of break- 
ing down a special liquid compound into 
tiny particles of uniform size by use of 
steam. 

‘The unit produced was an odd-looking con- 
traption—as most of its successors are to- 
day, although new designs are now being 
made. On the back,of the M-1 generator are 
three cubicle tanks, joined together to look 
like one big box. These carry sufficient 
smoke materials for long-time operation. In 
the middle of the contraption is a small 
gasoline motor, and at the front is a big 
cylindrical boiler, with a number of little 
vents on a horizontal pipe through which the 
smoke clouds are ejected. The whole thing 
looks a little like one of those horse-drawn 
fire engines of the gay nineties, once it is 
mounted, as it always is for mobility, upon 
a four-wheel trailer. It is just a machine for 
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driving heated smoke compounds through 
spray nozzles. 

Its designers called the first unit “Junior,” 
in affectionate irony, to distinguish it from 
some other experimental smoke generators, 
then in the making. “Junior” was a milita 
code word that now has lost all milita 
significance. 

On June 2, 1942, they trundled Junior up 
into the Schoharie Valley, a few miles away 
from the General Electric plant at Schenec- 
tady. On a cloudless, sunny morning, with 
only a light wind blowing, the producing 
scientists, industrial engineers, a collection 
of Army and Navy officers, and some repre- 
sentatives of the Canadian National Defense 
Research Council went out to see the ma- 
chine in action. The onlookers climbed to 
the top of a steep cliff, about 600 feet high, 
from which they looked down at some miles 
of rolling farmlands and surrounding hills. 

First they saw a few smokes emitted by 
some other generators. These were not im- 
pressive. Then “Junior” went to work. From 
his one big boiler there came rolling out a 
white mist which blotted from view several 
miles of the valley within a few minutes. 
Close to “Junior's” ten-lipped mouth this 
haze was a billowing, swirling smoke cloud 
—the kind of dense rolling smoke one might 
see in the burning of a great pile of autumn 
leaves, only whiter, As it spread out, how- 
ever, it was the kind of fog one may see 
hanging low over swamps on misty morn- 
ings, obscuring all vegetation and wildlife. 

Everybody who saw it knew they had 
what they were after. If one such contrap- 
tion could blot out miles of field and high- 
way, and render invisible all distinguishing 
marks of the countryside such as groves and 
farmhouses, a few dozen could blot out cities. 

‘The machine was taken to Edgewood 
Arsenal, that center near Baltimore, Md., 
where the Chemical Warfare Service manu- 
factures much of the nation’s chemical- 
warfare equipment. It was tested again. 
Officers found that they could walk through 
the clouds of billowing fog without the dis- 
comfort that came from the old smoke pots, 
‘The haze that encircled them did not soil 
their clothing. It was an atmosphere in 
which they could continue to work. That 
artificial fog had an amazingly high per- 
sistency. In succeeding tests it was found 
to hang together for as much as 20 miles 
downwind, and to obscure all land for at 
least half the distance. 

Contracts were let for the manufacture of 
these M-1 generators. As the machines 
rolled from the production lines, they were 
used in amphibious training operations on 
Cape Cod, Mass. Their white mist quite 
blanketed a shore line and stopped traffic on 
surrounding roads for miles. A group of the 
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Dr. Irving Langmuir, Nobel Prize winner who de- 
vised the formula for the artificial fog, with 
the first experimental model of the generator . .« 


hich grew up to be the M-I. The principle of op- 
ration is to break di cial liquid compound 
into tiny particles of uniform size by means of steam 


Farmhouses, roads, and other landmarks ore blotted out in a test of the experimental generator (top 


left) in a New York State volley. In similar tests # 


generators was tried at an Atlantic port 
where important naval operations were 
under way. 

On 10 out of 11 days, this haze not only 
hid all outlines of the earth beneath them 
from watching flyers, but persons on the 
ground in the area of operation found they 
could continue their work with little handi- 
cap. In November, 1942, when United 
States forces made their landings in North 
Africa, companies of smoke troops, armed 
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he M-I did the same job faster and more completely 


with these generators which had not been 
in existence five months before, proved the 
worth of the new device on foreign soil. 
Later it was announced that a smoke screen 
had been thrown over the Panama Canal as 
a test, which effectively obscured that mili- 
tary target for many miles. 

Today the tactics of large-area smoke 
screening are being developed rapidly. Each 
area to be obscured has to be treated ac- 
cording to local conditions of wind, weather, 
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can protect themselves by o7 
'd equipment will cut down the chan: 
new fog armor 


expe 


and terrain, which vary from day to day. 
but which have certain averages. Generators 
ordinarily are stationed at selected points to 
windward of the places to be screened, and 
are moved as the wind shifts. 

In case of air-raid alarms, smoke blankets 
are started from the generators closest to 
the most vital points for protection, the dis- 
tance depending on how hard the wind is 
blowing. A second line of generators then 
starts to work some 400 or 500 yards to 
windward. As their smoke reaches the vital 
point and covers it, the generators originally 
closest in will be moved back to positions 
still farther to windward. 

‘As soon as an unbroken smoke blanket 
extends from the outermost generators to 
the vital point, such as a factory, power 
house, or dock line, the area of the blanket 
will be gradually enlarged by moving gen- 
erators constantly backward until finally the 
beginning of the screen may be several miles 
from the point which enemy aviators pre- 
sumably are seeking. 

‘The generators farthest back from most 
vital targets will be located on broken lines, 
so that the smoke or haze does not neces- 
sarily appear as artificial to an enemy bomb- 
ing pilot, but may produce the illusion of a 
natural phenomenon. 

‘Around a harbor, on lakes or rivers, the 
generators may be placed on barges when 
necessary to get them upwind, and special 
barges have been designed for the purpose. 
‘This obscures shore lines. 

It is easy to imagine the difficulty with 
which a bombardier is faced when he finds 
himself over a target covered with smoke for 
many square miles. He must either drop his 
bombs indiscriminately in the smoke with a 
faint hope that they will damage some im- 
portant installation in the area, or he must 
find a target that is uncovered in some other 
area. That choice is not an easy one. 

If a pilot has come several hundred miles 
with a mission of bombing a power station 
or an oil refinery and knows that his target 
is somewhere within the smoke, he may be 
inclined to take a chance and hope that his 
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ing smoke. Small portable apporatus attached to cars, trucks, 


jed to prove valuable, os 


of dive or contour attacks by enemy planes. At seo, 
more effective than the usual smoke sc 


bombs will reach their objective, An al- 
ternative target which may have been as- 
signed may also be screened or it may be 
protected by powerful antiaircraft artillery 
defenses. 

The American theory of bombing lays 
great stress on accuracy. Our Air Force 
believes our bombardiers can hit a reason- 
able percentage of their targets. We believe 
that point bombing is more profitable than 
area bombing. Smoke properly placed makes 
point bombing impossible. 

In the daytime the screen is wide enough 
and high enough to cover not only the vital 
target, but also most aiming points or land- 
marks by which a bombing plane flies 
toward its goal. At night a dark-colored 
screen not only obscures a target but also 
camouflages ali its surrounding region, Gray 
smoke, even in the moonlight, has all the 
appearance of a body of water when seen 
from high altitudes. A pilot or navigator, 
seeing what looks like a large lake where he 
expected to see land, may become confused 
as to his position. 

‘The development of this new machine for 
large-area smoke screening, capable of pro- 
ducing 50 to 100 times as much smoke with 
less cost and less human effort than any pre- 
vious smoke apparatus, is one of the major 
triumphs of American science in helping to 
fight the nation’s war. 

By the aid of industry, the size of present 
smoke generators should soon be cut down, 
so they will be easier to handle and consume 
less cargo space when shipped overseas, The 
M-1, now the Army's standard, is far heavier 
than future machines will be. A model which 
is only a small fraction of its size has been 
developed, and should soon be in production. 

Used today exclusively by soldiers, these 
generators are so simple to operate and 
maintain and require so little heavy labor 
that there is no reason why they should not 
be operated within the zone of the interior 
by limited-service troops or by women. Their 
operation by WAACS has been considered, 
to release fighting men in some areas for 
other duties. 
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WHEY DO TURTLES go 
downhill in the fall and 
uphill in the spring? How 
you tell the age of an Indian 
arrowhead? Do ants have 
nervous breakdowns? Do you 
know? Have you ever won- 
dered? These are some of the 
many things Dr. Willis R. 
Whitney is interested in find- 
ing out, 


@ Now Dr. Whitney isn’t, pro- 
fessionally, an expert on 
turtles or 


‘these qu 
because he’s just naturally 


Which is one reason why he’s 
done so much for all of us, and 
also why he is one of the most 
respected scientists in Amer- 
ica—besides being the founder 
of the General Electric Re- 
search Laboratory. 
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@ It was back in 1900 that 
Dr. Whitney came from 
M.LT., where he was teaching 
tostart a new kind 
of laboratory for G.E. At first 
he spent only half his time on 
the new job, and had only one 
assistant. Today the Research 
Lab has several hundred 
trained scientists working on 
problems of electricity, chemi 

try, metallurgy, and other sc 
ences. And the scientific adven- 
tures of these men have helped 
produce better lamps, radio 
tubes, X-ray tubes, and many 
otherproducts weuseevery day. 


@ Dr. Whitney believes in what 
he likes to call “fool experi 
ments.” But they generally 
turn out not to be foolish at 
all. From one of them came a 
lamp filament twice as efficient 
‘as Edison’s early ones. Another 
showed that radio waves can 
produce artificial fevers for 
treating disease. And he’s sug- 
gested thousands of important 
experiments for others to 
perform. 


@ Perhaps the most valuable 
of Dr. Whitney’s experiments 
was the laboratory itself. His 


ideas have guided its growth; 
over the years hundreds of 
young scientists have been in 

ired by him to be curious 
about things, to ask questions, 
and then to try experiments to 
get the answers. 


@ Dr. Whitney once said, 
‘Somebody is always reflec: 
tively monkeying with some of 
the parts of an infinite un- 
iverse.’? He's done a fair 
amount of such monkeying 
himself; he’s still having a lot 
of fun ‘doing it. And he be- 
lieves that anybody endowed 
ith a normal amount of curi- 
osity who does the same will 
have fun, too, and will perhaps 
make valuable contributions 
to our knowledge and to the 
world’s progress. General Elec- 
tric Co., Schenectady, N. Y. 


GENERAL @ ELECTRIC 
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How Detroit Builds Guns 
(Continued from page 108) 


sent them from plant to plant to teach 
simplified methods for intricate jobs. 

“Subcontracting is the auto industry's 
middie name,” said 8. E. Skinner, general 
manager. “We at Olds have made it our 
first name as well. Our results have been 
excellent and our problems have been no 
greater than those we normally encounter 
in making automobiles.” 

There were problems, of course, some of 
them with their humorous aspects. One of 
the most difficult subcontracts, involving a 
tolerance of only one half of one thousandth 
of an inch, was given to a thoroughly compe- 
tent tool-making shop in Detroit. When the 
parts were delivered, the inspectors found 
them more than a thousandth off gauge. 
Olds protested. The toolmakers insisted 
they were right. But the next delivery 
again was off. Belligerently Olds engineers 
put the offending parts in a car, took along 
their inspection gauges, and drove to De- 
troit. Arriving at noon, they went to lunch 
with the subcontractor, then returned to 
the shop to demonstrate that the parts were 
entirely off specifications. Much to their 
amazement, when they applied the gauges, 
the parts were practically perfect. During 
the lunch hour they had lost the chill ac- 
quired in transportation from plant to plant. 
It was a part that will vary by three thou- 
sandths merely from body heat. 

Hardly had Olds got under way with 
20-mm. production before Pearl Harbor 
changed everything. At Olds, as elsewhere, 
automobile production lines were scrapped. 
Olds took contracts for 37-mm. and 75-mm, 
guns, converted some machinery, brought 
in hundreds of new lathes, broaches, and 
other precision machines. All its acres are 
given over to the turning and assembly of 
war's barking tubes of death. But still the 
subcontracting technique holds true. On 
each of its three major jobs, Olds itself man- 


| ufactures only three parts. 


Take the 37, for instance. Olds makes the 
barrel, the tube extension, and the lock 
frame. The other parts are made by 68 sub- 
contractors in shops scattered over 35 cities 
and towns in 10 states of the East and 
Middle West. And only 18 of those 68 sub- 
contractors were doing business with Olds 
in the days of automobile manufacture. 

Multiply that by a few thousand times, 
remembering that one type of gun is only 
one small item among all the infinite variety 
of jobs that go to make a plane, a tank, or 
any of the other engines of war. The trun- 

(Continued on page 200) 
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You REMEMBER "“Suzy-Q”—famous 
Flying Fortress that destroyed every 
Zero attacking from the rear, She 
was one of the first with .50 caliber 
tail ers"—like those AC has 
been building since nine months before 
Pearl Harbor. 

Aerial gunners know that the shatter- 
ing blast of those machine guns must 
be "on tap" all the time. So, those 
guns are cleaned, oiled, and adjusted 
after every trip aloft. Marvels of pre- 
cision workmanship, the guns never- 
theless need service to keep them 
in fighting trim. 
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of quality and performance to millions 
of motorists; these plugs need clean- 
ing and adjusting every few months. 
This service is easy to get. Every me- 
chanic—everywhere—renders valuable 
conservation service. This is being 
ugmented, now, by trained AC serv- 
¢ men who are carrying to all sery- 
ice organizations the latest methods 
of diagnosis and repair of AC prod- 
ucts. (The panel below indicates what 
this service is, and why you need it.) 
We urge you to follow the simple 
suggestions—to save gasoline, oil, 
and tires. 

When replacementis need- 

ed, select AC—and be sure 
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How Detroit Builds Guns 


(Continued from page 198) 


nion block of the 37-mm. gun, which must 
be held within .0005 inch, is being made by a 
company that used to make package ma- 
chinery for the canning industry. 

The acres of floor space at Olds devoted 
to making 75-mm. guns had been, in 1941, 
a vast assembly line, where men were 
putting on wheels, tightening nuts, fitting 
fenders—all the partly skilled jobs that auto- 
mobile production involves, But today the 
assembly line for the 75 gun is only 75 feet 
long. Joe Smith, who in 1941 was tighten- 
ing tire lugs, today is running a broaching 
machine that cuts out the insides of a breech 
ring in one tenth of the time it used to take. 
Joe Doakes, who used to do rough sheet 
metal work, today is doing the delicate ma- 
chining of a powder chamber. 

‘There always was precision work in mak- 
ing the engines and running gear of auto- 
mobiles, but today that precision work and 
the number of precision workers have been 
multiplied—not only in the main war plants, 
but also in thousands of small-town parts 
factories. And in the same way, techniques 
of management, tricks of production, and 
hidden secrets of metallurgy have been 
spread through America at a rate we could 
not have imagined five years ago. 

And while production skills thus multiply 
in the gun factory, at a building near by 
hundreds of soldiers and sailors every three 
weeks are learning the intricate skills of 
maintaining the guns, taking them apart 
and putting them together blindfolded— 
just as thousands of other military men in 
other schools are learning the intimacies of 
airplane and tank engines and all the other 
complex instruments of war. Before the 
war America led the world in number of 
skilled mechanics. We will have millions 
more of better ones after the war. 

Bill White, screwing on nuts, never knew 
he could run a lathe. Farmer Jones's son 
never knew he could doctor an airplane en- 
gine. The small town manufacturer never 
knew he could make as good a gun part as 
the next fellow. The symbolic Detroit sus- 
pected, but it did not really know, that it 
could convert itself overnight into an in- 
vincible armament industry—that it was a 
method of organization, planning, and teach- 
ing, able to lick any production job. 


Subscribers in the armed services who notify 
us of change of address ore requested to 
give us the key symbols appearing on the 
‘wrapper in which the mogazine is received. 
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THREADS THAT LIVES 
MAY(| HANG ON 


The lives of flying crews may hang on the 
threads of nuts which stay put — hold fast 
against the chatter of gunfire, the throb of 
pulsing engines, 


We make such a nut. We have made more 
than three billion of them. And as far as 
is known, not a single one of these nuts 
has ever failed in service. 


It is the special virtue of Elastic Stop Nuts 
that they never loosen, slip, shake off or 
break. 


Small wonder they are used on every air- 
plane made in America — as many as 
50,000 in a single ship. 


Some day these nuts will be available for 
purposes other than the grim jobs of war. 


When they are, automobiles will be tighter 
and safer and quieter — everything from 
garden tools or farm tractors to radios and 
vacuum cleaners will give longer and less 
troublesome service. 


But that’s for the future. Today, all these 
tenacious nuts we can make go for an even 
more important purpose —which is the 
simple task of holding tight till the war 
is won. 


Etastic Stop Nut Corrorarion or AMERICA 
UNION, NEW JERSEY 
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We aust wor “tet him down” with poor equip- 
ment! See those snap buckles? ‘They help to har- 
ness him securely to his parachute. They've got 
to be strong—light—smooth—and without defects! 
‘They're forged from tough alloy-steel. Then 
files of high quality, and proper cut and shape, are 
used to remove all fabric-wearing burrs and rough- 
‘ness—to prepare the buckles for plating or polishing. 
‘As in the case of hundreds of other important 
operations, Nicholson makes and 

ject The right file for the job. 
ine years of experience reflect Nichol- 
files for 
every kind of work, material and desired result. 
Nicholson and Black Diamond are the top-honor 
brands in this world-famous line of quality files. 
FREE — NEW BOOK, “FILE FILOSOPHY,"* for pro- 
duction and purchasing heads, foremen, Key mechan- 
{es. Tells ‘about the more frequently used of 3000 
Kinds, cuts and sizes of files Nicholson makes: about 
files for special purposes; how to tse, care for and 
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Precision Bombing 
(Continued from page 44) 


unhealthy if one decides to slow down for a 
look around at that height. One has to duck 
into nests of hostile defenses, dropping de- 
layed-action bombs which, if they exploded 
‘on contact, would destroy the airplane as 
well as the target. 

This light bombing is used against enemy 
airfields, small installations, radio-location 
stations, minor rail junctions, etc. Its main 
value is that the light bomber can blunder 
out into weather that would ground the 
heavy bombers and thus keep the Conti- 
nent's defenses on alert watch at all times. 
Cut-down visibility means little to these 
ships which, equipped with awninglike flaps 
and tricycle landing gear, can slip in and out 
of the dawn Channel fog, making life un- 
pleasant for the coastal defenses in France, 
the Low Countries, and even West Germany. 

Other equipment takes part in this low- 
level attack. The newest entry is the sting- 
ing De Havilland Mosquito, a twin-engined 
terror built entirely of resin-bonded ply- 
wood, which can divide one ton of payload 
between guns and bombs and move in at 
pursuit speed. There are only two German 
fighter planes in existence capable of match- 
ing the Mosquito’s level speed. Low-level 
bombing is just one of the ship's many tal- 
ents. Its general operation procedure in this 
class is to come in on target at tree-top level 
with its low-speed superchargers in opera- 
tion, lay its eggs on target, cut into high 
blower, climb like a rocket, and get out be- 
fore the startled defenses have a chance to 
gather their wits. Specially rigged Hur- 
ricanes, Spitfires, Mustangs, and Warhawks, 
carrying light bomb loads, sometimes drop 
in for surprise visits. 

‘There is comparatively little day mid-al- 
titude bombing over the Continent. This has 
proved the most dangerous type because 
the equipment is within the best operational 
range of the antiaircraft and fighter de- 
fenses. For a reasonable amount of crew 
safety, almost as much weight must be in- 
vested in defensive armament as would be 
installed in a heavy bomber. These ships 
; have been found most effective in areas 
where the opposition is from fighter craft 
| rather than from ground installations. 

There is, however, a fairly safe operational 
altitude for these craft. This is the zone 
where the accuracy of the light antiaircraft 
weapons has seriously fallen away, yet the 
altitude is not high enough for correct fus- 
| ing of the heavier explosive shells. From 
this altitude the medium bombers have been 

(Continued on page 204) 
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Maybe you've wondered what makes 
W. L. Douglas Shoes so uniformly 
good—so satis/ying—wondered what 
the difference is. 

It’s simply that W. L. Douglas Shoes 
aré made today as only young Doug- 
las knew how to make them. 
Because he had to learn his trade the 
hard way, William Douglas learned 
it the right way. He learned to make 
fine shoes—great shoes. And we at 
Douglas have never unlearned his 
lessons. 

That’s the reason you like our shoes 
so much today. 
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Disston Hand Saws and two Keystone made- 
by-Disston Hand Saws as shown below... 
If you are doing essential work, see your Hard- 
ware Dealer about one of these fine saws: 
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Victory—Lightweight Straight-back pattern, the finest 
saw in the Disston Line. Made in 26-inch 7, 8, 10 and 


11 points cross-cut, 544 points rip. 
D-23 ae \ 


Lightweight Straight-back pattern, Always popular 
with saw users demanding quality and workmanship. 
‘Made in 24-inch 8 and 10 points cross-cut; 26-inch 
7, 8 10 and 11 points cross-cut, 5% points rip. 


Medium weight, Skew-back pattern, “The Saw Most 
Carpenters Use.” Made in 20-inch 10 points cross-cut; 
2¥-inch 8 and 10 points cross-cut; 24-inch 8 and 10 
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cut, 534 points rip. 
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K-6 Chatienger, a popular priced Keystone made-by- 
Disston Skew-back saw. Made in 26-inch 8 and 10 
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K-4 Airmaster, a popular priced Keystone made-by- 
Disston Straight-back saw. Made in 26-inch 8 and 10 
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Precision Bombing 
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used with good effect against secondary tar- 
gets and for diversionary action in support 
of the heavy ships by day or by night. 

These ships have an operational method 
similar to that of the heavy ships. Their 
bombing method is a precision run up to the 
target under the control of the bombardier, 
who uses our regular automatic bombsight. 
There are two basic uses in Europe for ships 
of this class. The first, as previously stated, 
is for direct action against secondary ob- 
jectives which do not warrant the attention 
of heavy bombardment. The second—and, 
in the European theater, the more important 
—is the diversionary function—pulling fight- 
er power away from important target areas, 
thus leaving them open for direct punis 
ment by the heavy bombers. 

Our equipment in the medium-bomber 
class consists of the Martin B-26 (Maraud- 
er) and the North American B-25 (Mitch- 
ell). In the medium class the British still 
use the Wellington and the Maryland, al- 
though in some circles the Bristol Beaufort 
is put in the same category. 

‘The brunt of the attack, the final blows 
that will paralyze the Reich and leave it 
stunned and inert, ready for invasion, will 
come from the heavies—the four-engined 
class which night and day will haul weight 
over the Continent to flatten the 150 vital 
areas. The division of the job into day and 
night bombing was dictated by a practical 
application of the men and ships available. 

‘The general air strategy was to allow the 
American equipment and crews to operate 
by day in their high-precision raids while 
the R.A.F. performed their pattern or area 
bombing at night. One has only to study 
the history and background of both bom- 
bardment organizations to mark the wis- 
dom of that decision. The B-17 design was 
developed in the old days when an isolation- 
ist-minded nation saw the air problem in 
terms of defending the United States from 
our own shores. The military objective of 
the Flying Fortress class was to create a 
ship that was capable of sinking the indi- 
vidual units of a potential invasion fleet, ship 
by ship, in midocean. The basic assumption 
was taken from the automatic bombsight 
and the amount of explosive projectiles it 
would take to sink a capital ship at 70 per- 
cent efficiency. The closely integrated crews 
and their training setup was based on this 
kind of operation—hitting an exact target 
with a four to five-ton explosive load from 
levels above the optimum range of antiair- 
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ling with the Rangers, ‘cross country scouting, 
front line dispatch riding ... those are some of the 
motorcycle jobs that call for red-blooded riders with 
daring and courage, cool heads and resourcefulness. 

In flashy, flexible performance on a dozen battle 
fronts, Indian Motorcycles are backing up these 
riders with all of Indian's famous power and speed 
and sturdy dependability. The soldier who rides an 
Indian knows there's no safer motorcycle built. 

And you'll know it, too, when you ride the great 
new Indians that will be yours for good times and 
economical transportation after this war. In the 
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present motorcycle in fighting trim...and ask him 
‘about his reconditioned “buys”. 
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%* *& TO BUY AN INDIAN LATER * *& 
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Precision Bombing 


‘Continued from je 204) 
craft, or at altitudes of 28,000 feet and up. 

Britain lived closer to the problem. In the 
days before the American equipment was 
available, the spot precision bombing was 
done by medium bombers, but the loss rate 
was quite high. Therefore the heaviest 
bombing was done at night. The British 
theory of night bombing was that if enough 
explosive was dropped into a particular area, 
by the law of averages part or the whole of 
any objective inside it would be demol- 
ished. The problem resolved itself to a 
simple job of getting the greatest possible 
amount of weight over a predetermined area 
under the cover of darkness, dumping it, 
and high-tailing for home. 

Up to this point the joint effort has 
worked out quite satisfactorily, for the 
equipment has been used for the jobs for 
which it was built, Any other application 
would be a waste of equipment and effort. 
One of the greatest shortcomings of our 
Fortresses and Liberators is being remedied 
by equipping them for flying and fighting 
at night. ‘This will enable them to take ad- 
vantage of the cover of darkness for one leg 
of a long round-trip bombing flight. ‘They 
will time their raids to put them over the 
targets at dawn or dusk, when the bomb- 


| sight can be used, with only half of the trip 


exposed to daylight dangers, 

What kind of bomber will the near future 
bring forth? It is conceded that neither 
the American nor the British bomber is 
ideal for all-purpose, ‘round-the-clock op- 
eration. It would, in operational theory, be 
desirable for one design of ship to be able 
to operate around the clock and, by ad- 
justment within the structure, answer all 
Purposes. Several experts have offered 
opinions as to what this design might look 
like, and the consensus is represented by the 
drawing on page 45. 

This may be the ship of the future. How- 
ever, the current battle must be fought with 
the designs on hand. Fate played Hitler a 
nasty trick when the United Nations, 
watching for him on a variety of fronts, 
developed an equal variety of aircraft types. 
If we can, from this day forward, provide 
sufficient numbers of aircraft and crews by 
accelerating production and training, the 
Axis’ days are truly few in number. For the 
hour the United Nations airmen can put the 
major enemy nerve and production centers 
out of action simultaneously, invasion is 
just a step across water. This, however, 
takes bombing—heavy and unceasing, by 
day as well as by night! 
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Guns That Stalk Their Targets 
(Continued from page 122) 


connected with the Ordnance Department. 
The late Plinty Holt, inventor of the cater- 
pillar tractor, and Christie were active both 
in designing and manufacturing mounts. 

In 1920 two Ordnance-designed Mark VII 
motor carriages were built by the Holt Trac- 
tor Company, one for tle 75-mm. gun and 
the other for the three-inch gun and the 
105-mm. howitzer. These carriages were the 
first to carry the gun with its muzzle point- 
ing forward—one of the big advantages of 
modern self-propelled mounts. Their weight 
was under six tons and their V-8 72-horse- 
power engines gave them a speed of 30 miles 
per hour, which was considered so much too 
fast that it was reduced by two thirds. They 
could climb a 35-degree slope and cross a 
‘34-inch-deep stream, and they burned only 
half a gallon of gasoline per mile. Rubber 
blocks were used to absorb shocks. The gun 
erews were protected by removable front 
and side shields. Men who worked on the 
Mark VII's say that they would be rated 
good self-propelled guns even by present- 
day standards and that the Germans made 
no mistake when they modeled their 105-mm. 
self-propelled howitzer after them. 

‘The Christie motor carriage for the 155-mm. 
G. P, F, gun also was produced in 1920. 
It weighed 20 tons, and its speed was 15 
miles per hour. Like most Christie combat 
vehicles, it used both wheels and tracks. 
Adjusting the removable tracks over the 


wheels was a half-hour job. Six 33-ton | 


track-laying mounts for the 155-mm. gun or 
eight-inch howitzer were built and service- 
tested shortly afterward. The following year 
two Christie carriages for the 75-mm. gun 
or 105-mm. howitzer were built. They 
weighed about eight tons and had a top 
speed of 20 miles per hour. 

Then for several years meager appropria- 
tions restricted development to the rebuild- 
ing and improving of existing models. In 
1928 a mortar mount was built on the 
chassis of a T-1E1 tank. Two years later 
the T-1 motor carriage for the 75-mm. pack 
howitzer was produced. It weighed six tons 
and could do 21 miles per hour. 

The T-1 was the last self-propelled gun 
built in America until the Nazi blitzkriegs in 
Europe showed how essential these weapons 
were in mechanized warfare. Until they 
were broken up for scrap metal, the old 
mounts Were preserved as curiosities or al- 
lowed to rust on scrap heaps at the arsenals. 

But that effort and money wasn’t wasted. 
Since the M-7 made its sensational initial 


(Continued on page 208) 
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Bonine OF SHOES ow DESTROY 


HARD-TO-KILL ATHLETES FOOT FUNGI THAT MAY THRIVE IN 
‘SHOES AND RE-INFECT FEET. YOU WOULDN'T BOIL SHOES, BUT 
YOU CAN FIGHT ATHLETES FOOT IN SHOES AND ON FEET, BY 
USING QUINSANA POWDER. AMAZINGLY EFFECTIVE! 


Beware OF SYMPTOMS 
OF ATHLETE'S FOOT :- PEELING AND 


ALL OF THOUSANDS OF TEST 
CASES OF ATHLETE'S FOOT. USE 


\Nez Quinsana into shoes 
toabsorb moisture, reducing 
‘chances of resntection 
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... Dependable tools are as 
essential... as expert pilots” 


Says PAN AMERICAN 
WORLD AIRWAYS SYSTEM 


Boldly blazing new sky trails. . . steadily thrusting 
our air frontiers across farthest oceans and conti- 
nents . . , the far visioned pioneering of Pan-Amer- 
ican World Airways forms one of the most brilliant 
chapters in aviation history. And wherever Flying 
Clipper wings have soared over world-wide routes, 
Snap-on tools have played their part, 

“We have used Snap-on tools with confidence and 
satisfaction since the earliest days of our service,” 
say Pan-American Maintenance superintendents. “De- 
pendable tools are as essential as expert pilots. In 
the shops of both seadromes and airports, our me- 
chanics praise Snap-ons for ease of handling, work- 
ing speed, accuracy and long life.” 

Snap-on tools are endorsed by every leading air line 
+ ++ widely used in the greatest aviation plants . . . 
and by the skilled maintenance crews of our Flying 
Forces. In thousands of busy war plants, where tool 
speed and accuracy count heavily, Snap-on tools 
are the choice of better mechanics. 


SNAP-ON TOOLS CORPORATION, Kenosha, Wis. 
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Guns That Stalk Their Targets 
(Continued from page 207) 


appearance at El Alamein, much has been 
written about the fact that its production 
layouts were drafted in 16 days and that 
three weeks after the blueprints were com- 
pleted the first models were being tested. 
‘That would not have been possible without 
the know-how acquired by our Ordnance 
Department during its decade of pioneering. 

Meanwhile, the Germans were emphasiz- 


| ing the importance of self-propelled guns 


pointing in the direction of the march, but 
in spite of these views published widely in 
Germany as early as 1936, actual use of this 
type of weapon came as a surprise. Most 
important of the Nazi self-propelled guns 
are the 75-mm. assault gun, 105-mm. 
howitzer, 105-mm. gun, and 150-mm. gun. 
One captured by the British is a 150-mm. 
howitzer on the chassis of a French Renault 
light tank. 

Our real start came two years ago with 
the realization by Brig. Gen. Andrew D. 
Bruce, then a lieutenant colonel on the 
General Staff, that the best way to beat 
tanks is with quick-acting, high-velocity 
guns. It would take even the smartest crew, 
he reasoned, about 40 seconds to unlimber 
its gun from a truck, swing it around, and 
fire. In that time a tank could approach 
within range, stop, and still have 10 seconds 
to fire several carefully aimed shots. What 
we needed were guns that would always be 
pointing the right way and could be fired 
the moment an enemy tank was sighted, 

Bruce was put in command of an experi- 
mental tank-destroyer battalion, and the 
Ordnance Department made up for lack of 
self-propelled guns by combining standard 
guns with standard Vehicles. It delivered 
over 50 in two months. Our 75-mm, high- 
velocity tank gun mounted on a T-14 
armored half-track scout car produced the 
M-3 motor carriage with a road speed of 
50 miles per hour, It points forward, is 
mounted so the driver can remain in his 
seat when it is fired, and throws a projectile 
that will penetrate most tanks at 1,000 
yards. Its three-man gun crew is protected 
by armor and a .50 caliber antiaircraft 
machine gun. 

Lighter destroyers were made by mount- 
ing 37-mm. guns on jeeps and T-8 motor 
carriages (swamp buggies). Later the 37 
was put on Fargo %-ton trucks. 

‘Tested in maneuvers in the fall of 1941, 
the battalion was so successful that more 
were organized and a Tank Destroyer Com- 
mand was formed with Bruce, promoted to 

(Continued on page 210 
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ACHIEVEMENT OF A SINGLE PURPOSE 


A SINGLE purpose spurred the engineers who planned the Allison 
engine. * A single purpose moves the metallurgists who test and 
choose the fine materials that go into it. * A single purpose 
guides the skilled hands of the craftsmen who machine and 
ficits gleaming parts with precision that finds few counter« 
partsin volume production. * That purposeis to create 
the finest aircraft engine ever built. * How well 
that purpose is attained is being written in the 
records of the planes which the Allison powers 
—and in the standards itis establishing, at 
home and abroad, for sturdiness and 
dependability. * Employedin several 
types of American fighting planes, 
the Allison isproving beforethe 
world the ability of America 
to work to levels of qual- 
ityandexactnessnever 


before approached, 


LIQUID-COOLED AIRCRAFT ENGINES ‘GENERAL 
Division of 
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WANT SOME TIPS ON 


BORING TOOLS? 


4 FREE! 


WILLIAMS’ 
—, TOOL DATA 
SHEETS 


@ Ifyou operate a lathe, you'll want Data 
Sheet No. 2, It discusses modern tools for 
boring and internal threading. Other data 
sheets in this free series (all punched for 
Secing blader) cover the! subjects fisted 
below. Circle the numbers on coupon 


TES0 


4. Data on Willi 


‘of Williams Knurling Too! 


‘he he 
MAIL THiS COUPON 


jept. 5-743, Buffalo, N.Y 
Please send Data Sheets circled below: 


42343 6 7 8 © 10 41 12 13 
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Guns That Stalk Their Targets 


Continued from page 208) 


brigadier general, at its head. Lieut. Gen. 
Lesley J. McNair, chief of the Army Ground 
Forces, gave Bruce full credit, remarking 
that seldom has one man both the vision to 
conceive such a project and the ability to 
carry it through to full bloom. 

‘The motto of the tank-destroyer units is 
“Seek—Strike—Destroy." They have but 
one mission, destruction of enemy tanks, 
Superior speed enables them to beat the 
enemy to positions of ambush, and superior 
guns enable them to make the kill. 

Our new three-inch antitank gun, only 
1/20 inch larger in caliber than the 75, has 
a longer barrel and uses a much heavier 
charge. A single solid hit will disable any 
known enemy tank up to—and probably well 
over—2,500 yards. Still another anti-tank 
gun is smaller than the 75, but has greater 
armor-piercing power. 

Nicknamed “The Priest” by the British 
because of the altar-like appearance of its 
machine-gun mount, the new 105-mm. self- 
propelled gun-howitzer is an eight-foot-long, 
1,200-pound, mechanized support gun for 
armored divisions. It is an ideal all-purpose 
weapon. Used as a gun, it has a fairly high 
velocity and a fairly flat trajectory, and its 
33-pound, 4.1-inch-diameter projectile will 
penetrate medium-tank armor at 2,000 yards, 
As a howitzer, it has an extreme range of 
over seven miles, throwing high-explosive 
shells at a high angle to destroy emplace- 
ments protected from direct fire. Its speed 
of over 35 miles an hour enables it to keep 
up with fast tanks on the march and to 
outmaneuver German medium tanks. 

Even newer is the M-10 tank-destroyer 
mount (P.S.M., May '43, p. 72), already 
battle-tested in North Africa and now being 
produced in quantity. Although the M-10 
is a full-tracked vehicle with heavy welded 
armor plate, it is faster than most tanks, and 
its high speed and low silhouette make it a 
difficult target. It carries a gun that is 
larger than the 75, packs a mighty wallop, 
and is more than a match for the German 
88-mm. converted antiaircraft gun. 

Newest and biggest of all is the M-12 
motor gun carriage, which mounts our 155- 
mm, gun. Utilizing the chassis of an M-3 
tank, this highly mobile weapon can throw 
a 95-pound projectile more than 10 miles 
and could knock out the biggest tank or 
even sink a heavy cruiser at that distance. 
‘This juggernaut on tracks is especially ef- 
fective against enemy artillery and forti- 
fications and can work in any terrain suit- 
able for operations of medium tanks. 
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IN A TAPERED ROLLER BEARING 


COUNT THE ROLLS... 
---THE ROLLS COUNT! 


3K The number of rolls in a bearing is of utmost importance— 


for rolls carry the load. 


Obviously, more rolls carry more load. And, with the load 
distributed over more rolls, each roll has a smaller part of that 


load to carry. Result: longer bearing life. 


Thanks to improved design, Tyson is able to add more rolls 


around the raceway— about 30% more, on the average. Size 
for size, the Tyson “All-Rolls”” Bearing has more load capacity 


« «has longer life ... has greatest rigidity. 


aor =a 


HEAVY-DUTY BEARINGS 


qx 


TYSON BEARING CORPORATION 
MASSILLON, OHIO 


airplane engines 


Iso include precision parts for Americ 


Tyson Produc 
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LATHES 


From coast to coast in the plants of the nation’s 

famous war producers —and in many of the 

hard working mobile machine shops of our 
fighting forces —modern Atlas Lathes, Drill Presses, 
Milling Machines, Shapers, Arbor 


Pree ote aclagany igoah Ja aa. 
precaion production, Avlas Press Co, \\ We 


755. Pitcher S¢.. Kalamazoo, Mich. (\\\ 


-Twen Collies, 
TOOLS FOR YOU 


Here’s already colored wax 
in HARD-TO-GET COLORS 


'@ If you've got @ nick or mar to cover 
ina table top ....or want to bring back 
the rich, mellow finish on on old piece | 
of cherry, maple, or pine furniture 
or finish @ repaired section to match 
older wood ... . here's an assortment of 
colored waxes all ready to use. | 
Shinola Wax Shoe Polish in Ton, 
Brown, Oxblood, and Black, opplied 
and finished os any other wax, 
grond for models, leather, linoleum, 
while Shinola Ton is swell for autos. Re- 
® member too—Shinola is tops for shoes! 


KEEP ’EM 
SHINING with 


SHINOLA 


IN ALL COLORS: TAN - BROWN = OXBLOOD = BLACK | 
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Spring Mounted on T-Square 
Holds It Position 


1 
1 
1 
1 
1 


LENGTH OF | HAROWOOD 
DRAWING BOARD") 


1 


TO PREVENT a T-square from falling off 
the drawing board and to keep it aligned, 
the method shown above may be used. Cut 
a portion of clock spring to size, punch a 
hole in the center, and grind off rough 
edges. After shaping it as shown above, 
screw it to a piece of hardwood, which in 
turn is screwed to the blade of the T-square 
at such a distance that sufficient tension is 
obtained in the spring when the square is 
fitted to the board.—EUGENE MERKIN. 


Rubber Suction Cup Keeps 
Ash Tray from Sliding 


A MPTAL ash tray can be prevented from 
sliding around on a polished surface or a 
glass-topped desk by drilling a small hole in 
the center of the tray and attaching an or- 
dinary rubber suction cup. If the tray is 
glass lined or cannot be drilled for any rea- 
son, use a double suction cup instead of a 
single one. Picturesque ash trays for a sea- 
side cottage or summer cabin can be made 
from large clam shells by drilling them and 
adding suction cups so that they will rest 
firmly on the table.—J. R. DICK. 


Push Button Prevents Shorts 
as Child Plays with Train 


‘0 LET a young child play with an electric 

train in safety, connect a door-bell but- 
ton in series with the track and transform- 
er. The train will run only while he holds 
down the button. Should it jump the track, 
a short circuit won't cause trouble because 
he will release the button to put the train 
back. If he tires of playing, the current is 
shut off automatically. However, be sure to 
disconnect the transformer from the house 
line at night—Harow Grimm. 
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Your Camera 


of Tomorrow 


Although right now we are building for the Future, all our energies 
at the moment are concentrated on the protection of that Future by the | 
manufacture of Precision Optical Instruments and Communication Radio | 
Systems for our Armed Forces. . .. Out of the Crucible of War will 
come new ideas, new materials and new methods. Thus we are also 
building for you... . The apprenticeship we are serving under the 
taskmaster of war needs, is streamlining our designs, stimulating our 
| ideas and strengthening the skills of our hands—These Jewels of Today 
will make finer Instruments and better Cameras for you Tomorrow. 


Jewels of Today” is one of @ 


Jewels of Today 


ARGUS EYES FOR VICTORY 


MILITARY optics 


PRECISION OPTICAL 
INSTRUMENTS 


AVIATION RADIO. 
EQUIPMENT 
BUY WAR BONDS 
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“YANKEE” TOOLS 


GET THINGS DONE! 


Speed is their middle 
name. Like an arrow in flight, they go 
true to the mark in straight-line pro- 
duction, Spiral Screw Drivers. Auto- 
matic Drills, Ratchet Bit Braces. Tap 
Wrenches, Quick-detachable Vises 
swivel bases. These and other 
“Yankee” Fine Mechanics’ Tools get 
things done ... . with speed and pre- 
in, * Speed is inherent in the 
very design of “Yankee” Tools, which 
for almost a half century have con- 
tributed to the efficieney and reputa- 
tion of American production . . . @ 
priceless asset in a war where time 
is the greatest shortage of all. 


“YANKEE SPIRALS” 


SIMPLE + COMPACT * STRONG 
1A SIZE FOR EVERY PURPOSE 


"YANKEE" TOOLS 


make good mechanics better 
North Bros. Mfg. Co., Phila., U.S.A. 
Established 1880 


Makers. also, of “Yankee-Handyman™ Tools | 


110-Volts A.C. tirwuene: with 


Katolight Generators and Power Plants 


Furnish same kind of current 
as City power lines per- 
mitting emergency hook- 
ups right out in 
the field for oper- 
ating repair equip- 
ment such asadrills, 
grinders, saws, etc. 
for making on the spot re- 
pairs; transmitters & re- 
ceivers; portable X-Ray equipment. 

Good deliveries on A.C. generators 300 through 
15,000 watts. Available all standard voltages. 
Good voltage regulation. 

Kato's entire production at present must be 
confined to orders with high priorities. 

Also manufacturers of a complete line of 
rotary converters and complete power plants. 


KATO ENGINEERING COMPANY 
104 Elm St. Mankato, Minn., U.S.A. | 
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Our Tested Shop Blueprints 
Guide the Craftsman 


THE home workshop offers you countless 
opportunities to spend your spare time both 
profitably and pleasurably. POPULAR SCIENCE 
blueprints give full working instructions for 
making many useful articles. They offer a 
wide selection of plans for furniture, toys, 
models, novelties, and other projects, A few 
of these are listed below. For a complete 
list, send a stamped, self-addressed envelope. 


Coffee Table with Spiral legs, 245A. $25 
Destroyer model, MAYO class, 12" bull, 415K... .25 
Early American Round-Top Stand, 91Asernne 190 


Early Colonial Pine Chest, 32” long, 21” deep, 
high, 308A. 
Fireside Bench, Colonial, 187-188A. 
Hostess ‘Tray. Modern “Book 
‘Wammer, Lathe Dog, 412A. 
Sewing Cabinet of 1812, 178A.. 
Bix-Fogted Coffee Table, 14" high; top te 


Tavern Tabie and Scroll Mirror, 108... 
8. Battleship TEXAS, 3° hull, 197-198-100-200 1. 

Piece Desk Set, Nautical Lamp, 410Avsee 

Workbench for Home Shop, 24° by 58” by 


How to Make Your Own Marionette (24-page 


"Booklet 50 
Paper-Towel Roller, Bud Vase, and ‘Trick Dove- 
Yall Joint, 311A. 25 


Popular Science Monthly 
353 Fourth Avenue, New York, N. Ys 


Send me the blueprint, or blueprints, num- 
bered as follows: 


I am inclosing. dollars, 


cents 


ery clearly) 
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4 To speed the doy of peace... 


the Alcan Highway 


“Impossible . . . fantastic . . . monstrous,” 
said the critics, Towering mountain 
ranges, vast wilderness, great rivers, every 
obstacle known to road builders locked 
the way. A fraction of the project could 
easily take years to complete. 

In March the Corps of Engineers swung 
into action. Miracles were demanded — 
and accomplished. The world knows 
only the results. In December the Alcan 
Highway was through! The lifeline for 
‘Alaska’s defense and America’s safety 
stretched securely from Dawson to Fair- 
banks, and trains of freighter trucks were 
rolling the length of it! 


Alcan is a military highway now... 


buy MORE War Bonds, 
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1600 miles across rivers and through fo 
mountains and muskeg 


== EVINRUDE 


OUTBOARD 


S Briti 
\ Columb 


in 9 months U. S. Engineers create 
and Evinrudes were on the job! 


but some peaceful summer to come you 
may decide to try your fishing luck in 
Key lakes aid tivees up sear tha Arctic 
Gircle! Swiftly covering these spectacu 
lar miles you'll gain fresh apprecia 
of the greatest road building accomplish- 
ment in history! 
We're proud that Evinrudes served on 
that job... and equally proud of the 
Evinrudes that are faithfully perform- 
ing many another wartime task for the 
army, navy and marines. Until Victory, 
Evinrudes are being built only for the 
armed services . . . then there will be 
brilliant new Evinrudes for peacetime 
pleasures again! 
EVINRUDE MOTORS, Milwaukee, Wis. 


Evinrede 


Motors of Conoda, Peterbore, Canada 


MOTORS 
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Movies ce 


are Eagerly awaited 


at our far distant outposts 


Every inch of space in our vast fleet 

‘of cargo planes is precioux—is urgently needed for 
transporting vi 1 supplies and im- 
portant war materials, Still our government 

ion pictures #0 Valuable to the mainte- 

the U. S. armed forces 
16 mm. versions, 
2” for our wartime skyway 


t the latest films, i 
classed as a 
freight lines. 
Is of Ampro proj 
io 


Thousan tors are heing 
utilized in a vast 16m picture program 
for and entertaining United Nation 
soldiers on both fighting and production fronts. 
Still more projectors are needed! Private 

ners of 16 projec ed to 
‘nse authorities in their local 

ist their machines in this 


100% ies are engaged in the 


ajectors and precision war equip 
aaa whan 


ng civilian users more effi- 

t projectors than 
ever when the war is 
In the mean- 


est developments in 
16 mm. projectors. 
Write today for 

latest Ampro Catalog! 


AMPRO CORPORATION, 2651 N. Western Ave., Chicago, Ill, 


AM PRO 
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Chilled Lard Aids Craftsman 
in Cutting Glass Bottles 


ONE way to cut off the top of a bottle or 
jar is to pour in melted lard up to the level 
at which the break is desired and chill the 
bottle in the refrigerator overnight. Then 
place it in a sink and pour in sufficient hot 
lard to cover the cold lard completely. 
In a few seconds the upper portion will snap 
off evenly and without chipping. The sharp 
edges of the glass may be rounded with a 
file and a coarse oilstone until smooth 
enough to handle.—STEPHEN CAVELL. 


Handy Punch Is Easily Made 
from an Old Car Magnet 


MAGNET AS ALTERED. 


A MAGNET from a Model-T Ford can be 
made into a handy punch for sheet metal, 
clock springs, and the like. Heat and bend 
the legs of the magnet parallel as shown. 
Drill a hole through both for the size of 
punch desired. If you intend to punch holes 
in clock springs, the legs should be re- 
tempered.—C. G. GUTTINGER. 


Auger Bit Used in Drill Press 


THIS SHAPE 


To MAKE an ordinary auger bit suitable 
for use in the drill press, cut off the square 
shank, then file off the thread of the spur. 
File the point to have three or four flat 
sides, similar to a pyramid. These flat sides 
form cutting edges that remove stock as 
they pierce the wood, whereas a cone- 
shaped point is likely to cause the stock to 
split because it forces the fibers apart in- 
stead of cutting them.—E. C. HANLEY. 
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A Tribute... aa A gai 


‘When the men and women of Stanley Tools, Division of The St 
Works, received the Army-Navy “E” award on February 13, it was 
@ much tribute to @ great production team. Of particular 
interest is the fact that it came during the one hundredth anniver= 
sary year of the Company. 


Upon their shoulders has rested a ‘Hand in hand with this honor for 
triple burden. They have been called past performance goes a great respon- 
upon to supply (1) tools for the armed sibility for future performance. These 
forces... to construct and maintain men and women fully realize this re~ 
‘camps, bases, and barracks; (2) tools sponsibility. Far from being contented 
for war industry ...to build plants, with the “‘contribution to Victory” 
‘ships, planes, and other implements of already made, they are striving to 
‘war; (3) tools for the home front . fer contribution in the 
to maintain farms, schools, institu. future, Stanley Tools, Div. of The 
tions, and essential civilian industries. Stanley Works, New Britain, Conn, 
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Doing a Winning Job in the War 


Keep car radiators cleaned out for 
greatest motor efficiency. Use 
Thousands of ONAN Ex 


Sani-Flush 5022's: 
igseeneoye Treg 


for counties 
e 


FOR YOUR CONVENIENCE 


it has been arranged so that you can call 
Western Union from your home and the 
charge for the telegram will appear on your 
next telephone bill. Call from coin box also, 
if you wish. 


516 PAGES, Si2 ILLUSTRATIONS 
Weitten in non-technical lane 
wis and tables. A 


NEW EDITION, A 
VERITABLE STOR! 
“HOUSE OF (nfoR-| diagrams. o} 


— | 
ARC WELDING 
LESSONS BOOK 


MATION ON NEWEST | WEP oplicarions explained. $00 sien at 
recwaneves merm. | Maceencatons expicined. 99 tei 
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005 MATERIALS 4 Seo on 6 ty hyo wit sn TSE 
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ORDER YOUR BOOK TODAY “One of the Worlds Largest Mare Welders” 


INTRODUCING-New Victory Model 
“HANDIWELD ELECTRIC~ 


No More Domoge from Condensat 
Worer Softeners: Tonks, Walla, Ceilings 


5) fe Sit ring ete, nea arias 
x0] ):ip FRE Ee et 


PLUGS INTO 
LIGHT SOCKET 


composition surfaces. Protects 


ict Model Handi weld < rust and corrosion, prolonging life of pipes 


Handbook, ail about Condensation drip and its Prevention, 


Sliea with the welder. Guaran J. €0., 534 Burch St., Kankakee, 
feed not to burp out: epaire “SQM 


OTTAWA . 
Mm TRACTOR BULLDEARCG WELDER 2 nor ouD 


SAW 
rive thru gear reduction. 18-in. stroke, — REE ef 
10-ga. blade, Economical, saws to profit. snd Price Uist 
OTTAWA MFG. Co., D.71 Avenue, OTTAWA, KANSAS 


MAKE BIG MONEYaz HOME! 


NEW INVENTION 


The Dennison Handy Helper says: 


“"F IT'S TORN—MEND IT WITH 


WARNER ELECTRIC COMPANY 
663 M. Wells St., Chicago, IM, Dept. 403 


| DENNISON MFG. CO., Fromingham, Moss. 
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Electric Shaver Is Converted 
into an Automatic Eraser 


AN ELECTRIC ra- 
zor can be easily 
adapted for use as 
an automatic eras- 
er. Remove the 
razor head; then 
turn out an exten- 
sion piece that will 
be a push fit on the 
drive shaft of the 
razor. A hole large 
enough to accom- 
modate an ordinary 
pencil eraser is 
drilled in the end 
of this extension. The extra parts can be 
removed whenever the razor is to be used 
for shaving. It is best to use a hard eraser 
in the shaver, as the soft types tend to wear 
down too soon.—R. W. ZIEGI 


Boiling Hard Water Softens 
It for Photographic Use 


CALCIUM in the form of either calcium 
sulphate or calcium bicarbonate in tap water 
can cause considerable annoyance if the 
water is used for mixing developers. You 
can tell that calcium is present in some 
form if your tap water produces a milky 
precipitate the moment sulphite is added. 

If calcium sulphate is present, a chemical 
treatment is necessary to precipitate it. 
Your water company can probably tell you 
how to use oxalic acid for this purpose. 

However, if your water suffers from an 
overdose of calcium bicarbonate—if it is so- 
called “temporary hard water”—the problem 
can be easily solved. Just boil the water: 
then let it cool. When the water is boiled, 
calcium carbonate is formed, and being very 
insoluble, precipitates from the water, leav- 
ing it perfectly clean and without sediment 
to cause harm in your photographic de- 
velopers. 


Binder Canvases Can Be Kept 
Safely in Roof of Barn 


To KEEP binder canvases from being dam- 
aged by mice, I take a piece of hay wire 
about 3’ long and staple both ends to the 
2 by 4 in the peak of the roof, then insert 
the canvas in the sling formed by the wire. 
‘There is room for the canvases from one 
binder if the wire ends are nailed about 1” 
from the top of the roof. Be sure the nails 
are firmly in place —JULIUS HOUDEK. 
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DONT ScRaP Ir! 
IU repair it with 


SMOOTH-ON Fesacq 


| <SnoorH-ow 
Unele Sam needs and wants | Shay 
all the serap metal he ea cats 0h 
et. Be sure you turn over —— 
to your local scrap drive all useless and 
irrepairably broken apparatus around the 
house. But it is equally important to repair 


what you ca 
metal parts 
placements may take aw 
for war needs, 


With SMOOTH-ON No. 1, you can seal cracks 
and stop leaks in boiler’ sections, radiators, 
pump casings, heaters, tanks, and piping, 
and tighten loose parts of tools, utensils, fix: 
tures, equipment, and hardware. For 48 
years, this many-purpose iron repair cement 
heen used by professional repair men, 
shop and auto mechanics, and householders. 
SMOOTH.ON is pply: and requires 
no heat JOTH-ON in 134-02. 
rs from your hard- 

ry from us, so you 
can keep your household ‘apparatus in good 
condition ‘and be prepared for emergencies. 


FREE 


40-Page Repair Handbook 


Full of inpentus, 
fit save 


cements of 
, and such re- 
° from production 


any, 


MAIL THE COUPON 
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TSMEN 
NEEDED 


Tl 


bard ue Ye. Meoreteah 
Beh ealtad hermetanl 


DRAF 


Learn at Home in Spare Time 


a Rena a2 


THE 
FINISH 


‘Mounted firmly 
on its own steel 
shank, each Chi- 
cago Mounted 
‘Wheel is a whirl- 
ing point of easi- 
ly controlled 
power with 100% 
grinding speed 
and efficiency. 

Famous since 
their introduc 

tion 45 years ago for quality and long life. There is a 
“just right" Chicago Mounted Wheel for every opera 
tion, 

PROMPT DELIVERIES—We are working 24 hours a day 
and due to our central location, can make prompt ship- 
ment on all Mounted Points and Grinding Wheels 3” 
in diameter and und) 

With the approval and endorse- 
ment of WPB, all our facilities 
are concentrated on these smaller 
es, enabling us to give faster 
service to war plants. 

Handee Tool of 1001 Uses and Hi- 
Power Grinders are still available to 
all who have priorities. 


Send for Free Catalog. 


CHICAGO WHEEL & MFG. Ci 
4115 Aberdeen St. Chicago, 
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t-Book Cut-Outs Decorate 
Walls of Child's Room 


AN FAsY but novel way to decorate a 
| child's playroom is to obtain one of his old 
paint books and use the drawings as pat- 
terns to cut his favorite figures, birds, or 
animals out of 34" plywood. These can be 
painted to suit and cemented or nailed to 
the walls or moldings or to a soft fiber tack- 
ing panel. The thickness of the cutouts 
makes them more interesting than paper 
ones would be. They can also be applied to 
children’s furniture and toys—H. S. 


Terminal Clip Is Improvised 
from a Spring Clothespin 


632. BOLT WITH NUT AND 
WASHERS TO FASTEN RE) 


6-32 BOLT WITH 
HEAD FILED FLAT 


EQECTRICAL connections can be readily 
made with a terminal clip improvised from 
| a spring clothespin. A hole is drilled in each 
| jaw of the pin and tapped for a 6-32 round- 
head machine screw. Run the screws through 
the jaw from the inside, leaving one long 
enough to be used as a binding post. File 
| the head of the other flat. Run the connect- 
ing wire through the coil of the spring, as 
shown in the drawing above. This will’ re- 
lieve any strain on the terminal connection 
and reduce the likelihood that the wire will 
pull loose.—CHARLES HOLT, 


| Glass Sheet Reduces Friction 
| In Pantograph Drawing 


eas MOVED ABOUT 7 
ASNECESSARY <— 


A PANTOGRAPH can be made to operate 
more easily, especially when copying fine 
details, if a small sheet of glass is placed 


under the metal rest as shown above. If 
the glass is too small to cover the entire 

| movement of the rest, it can be moved 
about as the drawing progresses. In this 
manner, enlarging or reducing work can be 
done much faster. G. MACHAUER. 
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PHOTOGRAPHIC. 
CATALOG 

Most everything youl 

reed, youll find in our 

big943 Cotalog,..andot Words 

moderate prices.--either cash of 


EQUIPMENT. Time Payment Terms. Order now 
‘AND SUPPLIES ond pay later. Get what you wont 
ExHMoN While our stocks ore still complete. 
FM ‘Act Now... Get this money-saving 
‘ACCESSORIES 36 Page Free Catolog. 
Montgomery Ward 


PHOTOGRAPHIC DEPT, PS-743A, CHICAGO, ILLINOIS 


Why tPays To 
LEARN PHOTOGRAPHY NOW 


Never before so many job and career 
opportunities! Photographers needed 
tn business, Industry. scien 


N.Y. gradu- 
ir pay ia Armed 
Targest, oldest 

FREE cat 


log. desc 
‘YY. IMSTITUTE of PHOTOGRAPHY, Dept. 5. 10 W. 33 SL. New York, W. ¥. 


“EVEREADY” FLASHLIGHTS AND BATTERIES 


are vital equipment both at home and at the 
front, Serve by conserving yours! 


BATTLEFIELDS NOW* 
Country Roads after the War 


Someday—vou can dri 
again! then you will want» 


pane 


| WITH THIS 
| REVOLUTIONARY 


The very knile-design makes you do a better job. 
The handles make your fingers deft. Super-keenness 
makes effortless cutting on hard woods, cardboards 
or plastics. Special blade-shapes make X-ACTOS 
follow lines easily; and 
surgical sharpness minimi: 
splitting. NOW. at first sign of 
dulling, instant change to anew 
blade renews the surgical keen 
ness. Re-blade to re-sharpen. 
GET FREE BOOK, TELLS "HOW" 
fo balld Model Planes | 


RE-blade to RE-sharpen / 
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stir 


ons a 
ais sharing im he “oy 
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Pay Big 


HOBART TRAINS YOU 
IW SIX WEEKS, A BIG 


demand for welders will 
continue after the war. 
Start now! Costs little 


BUILD THE BIGGEST 


New, Lemna 7-Ft. Fpkcetl ae Soaring Glider 
jon imotited. 7.00 


Emo thane 
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feng ‘ — 
ee oot 4 secondary tree 3 
F saa ee 
"CLEVELAND MODEL & SUPPLY COMPANY, Inc., 4508C66 Lorain Avenue, Clev 


$1.00 PLANE IN U.S. 


H your deoler con't supply yo 
close 15¢ extra on orders for 


Mechanically 
HOME APPLIANCE 


America’s War Made Industry 


Restriction. of m oe migant, shat, the men_ who 
iow iHome Appliance Repairing~~Axing refrigerators. vac 


ie business, 


Needed 
sn ambition to make 
jecesaful Repair 


‘The ability to hold and us 
Honey, Is all’ that you 
Bhop Owner, 

Full Time or Spare Time 
5 many hours as you want, $5,00—86.00 an hour often 


New Cours Tells All 


a, tool plus 
to becomes 


CHRISTY SUPPLY CO., 
2835 N. Central Ave., 


Dept. 0-601, Chicos 
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Elie witht Seerl-Grip 
Eigen, Phey” handle 
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free | 
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{BEAL rom ausines 


ie See | 
Lei alegre Oo Ot 


CALCULATOR MACHINE COMPANY (Mfrs.) 
DEPT. 432, P.O, BOX 1118 CHICAGO, ILLINOIS 


222 


Please mention Porctan Screxce MONTHLY token teriting to advertisers, 


PAIMOTORISTS Mined! 


ro mane mis UNIQUE TEST... 


GAS SAVINGS 


SE thls device an bom 
You gasoline and trims 
hothing, Write a 


GUNS AND SWORDS 


‘Are you & collector? A game and rumpus room decorator? Your 
in Sir catalog listing’ 1400 ‘authentic, ttt 
Distols, swords, knives, armor, etc, ‘To get your 


Serve your Country 
in the U.S. Crop Corps! 


CROP CORPS! 


Q. When will the Crop Corps recruits be weeded? 

‘A: Anyone with the tire summer free should volun: 
feet mows Consult your local County Agricultura 
‘Agent oF U.S!" Employment Service. 


Anyone with only a few days or few weeks free 
will sill be able to help during local harvest and 


processing seasons.” Voluntcers for such hel 

Will be solicited by 3 Community Committee, Ward 
mur newspaper and linen t0 your radio for local 

Will the Crop Corps recruits be paid? 

Yes. Crop Corps recruits who qualify for service 

Mil bg pold Ge Prevailing rates fol the Ling of work 

they dor 


U. S. DEPARTMENT OF AGRICULTURE 
and THE WAR MANPOWER COMMISSION 


a. 
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WITTE. SsBExRez 


For 73 years the 


Over 300 Outstanding 
L. Projects with Photos 


WITTE plant has | | | and Working Drawings 
been serving Amer- 
iea and the World. 

Today WITTE is 


fagram~scurestted 
{mine eonvenient books, wireash 


producing only for oie wines 
the War Effort. | | 
After Victory th | ‘project’ you wan 
improved WITTE | | kine Grawings ant copies 
plants will be avail- fim cation sos 
able to all. 
Remember ws then Beceem 
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WITTE ENGINE WORKS What You Get: 
LARGEST BUILDER OF SMALL DIESELS 
KANSAS CITY, Mow, U.S.A: 
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The Delta Menvtecoring Company MALLOC WM 


682.CE. Vienna Ave., Milwaukee, Wis, 
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Has Helped Others 


HEAR AGAIN . 4 
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the best “scientine 
lable he solved bis 

lem. Money, time and effort was 
object... he determined to build the 


HIGH BLOOD PRESS URER pag 


ST RRGEEE SIGE | booklet. ‘Simply write Dept. 73— 


get yours today. 


Gnd ‘other grave 
methods of the Bs proven dependal 
for nearly a quarter of a century, Send for PRI 
Blood Pressure Book today. No obliga! 


BALL CLINIC, Dept. 5160, Excelsior 5; 
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Which comes first — 


Your second helping ? 
or our second front ? 


enemy with a vengeance. O) 
us. But just remember... 

A second front takes food...food to feed 
our allies in addition to our own men. 

Which do you want—more meat for you, 
or enough meat for them? An extra cup of 
coffee on your breakfast table, or a full tin 
cup of coffee for a fighting soldier? 

Just remember that the meat you don’t get 
—and the coffee and sugar that you don’t get 
—are up at the front lines—fighting for you. 
Would you have it otherwise? 


-—so do all of 


Please mention Pore 


Screxce Mostar sche: 


Cheerfully co-operating with ra- 
tioning is one way we can help to 
win this war, But there are scores of 
others. Many of them are described 
in a new free booklet called “You 
and the War,” available from this 
magazine, 

Send for your copy today! Learn 
about the many opportunities for 
doing an important service to your 
country. Read about the Citizens 
Defense Corps, organized as part 
of Local Defense Councils, Choose 
the job you're best at, and start 
doing it! You're needed—now! 


EVERY CIVILIAN A FIGHTER 
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ee genes) Repocomen! Pete 


DIE-LESS 
DUPLICATING 


formed withou 
of 


© Maybe you're missing some- 
thing, mister 


maybe you 
id man” 
imple, scientific 
«.-with a Bauer & Black 
self-adjusting Suspensory. 
Men everywhere inall walks 
of life, active or quiet, heavy 
or light . . . say the firm, 
comfortable, flexible 
port of a Suspensory m: 
them feel years younger. 
jess tired .. all the ti 


feeling this 


scr a 
a 


Mail Coupon for FREE BOOK 


‘This free illustrated book tells you 
how men claim to have found new 
vigor... helped to banish quitting. 
time fatigue . . . how they stay fe 


ena, Mi, RAKE 


‘S FUN TO MAKE THINGS OF WOOD 
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ROTARY WOOD PLANER 
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‘SvicRO DEVICES, doit ibe Ferndave, Michigan 


HUNDREDS OF USEFUL THINGS 
YOU CAN MAKE YOURSELF 


es, this Bic, NEw, GIANT 
WORKSHOP MANUAL SHOWS 


YOU EXACTLY HOW! ff), 


more things to make and do than have ever before 

med into a single volume! Everything from a simple 

tray to furniture for every room in the house — with plans, 

simplified working drawings, pictures and step-by-step instruc 

tion thae will make ic easy for you to turn out finished products 

that everyone will admire? You'll find easy and money-saving 

‘ways to make your own repairs around the house, new ways to 

cat down on home upkeep costs! You'll find directions for refinishing your 

romobile, building modern bathroom cabinets, making an inexpensive 

urden fireplace, and hundreds of ocher fascinating and useful projects! 

‘Whether you work with a few hand tools or use power tools—whether 

you like one-evening projects or more ambitious undertakings, the 

GIANT HOME WORKSHOP MANUAL provides you with a variety 

of projects that will keep you occupied for years to come! It’s entirely 

new from cover to cover and an astonishing bargain at oaly $1.98! You'll 

save more than that on almost any single item you select for your first 
project from this book! 


496 PAGES - 1500 ILLUSTRATIONS 


‘The GIANT HOME WORKSHOP MANUAL shows how 
to use a drill-press for wood shaping: how co build an 
‘all-purpose boat; make unusual bookshelves, build 
super-speed midget racer, an electric lie detector; fre- 


place screen; an 18th century secretary; a Chippendale 
satback armchair. Shows how to build a badminton court; model high- 
‘speed sea sled; portable drafting kit; shepherd's pipes: sails for ice-skate 
sailing: dey-point etchings. 


EVERY HOBBY, SPORT AND PRACTICAL INTEREST IS INCLUDED! This great book 
shows how to make a toy submarine for the children: a tea set of ham- 
‘meted nickel silver; sportsman’s gun cabinet; rame-bird plaques; a private 
telephone line; a table-tennis table; an electric.arc soldering transformer; 
punch press; low-cost modernistic bed; a nautical boy's room. Shows how 
to build and upholster a barrel chair; how to repair masonry, and 
plumbing; build « home fire alarm; how to save money on home heating: 
Paint your own boat. . . AND HUNDREDS OF OTHER IDEAS! 


SEND NO MONEY NOW [EU[mael’/ te] Mk ¢2 eae 
TRY THIS GREAT BOOK FOR 10 DAYS! POPULAR SCIENCE PUBLISHING CO., DEPT. 73 H 
en ee er Larner 353 Fourth Avenue, New York, N. Y. i 
awe seed we my ey ofa tenes Gun nous | 
then ar oc ew ew f | Menvenpecm cart he Gee 
imcpaumer we oeing tee BORO R ANUA wat 
Giaimeyenctaten caress | fait se coment 
Se, Soe i 
‘When the book arrives, deposit the special Name i 
fmallman. Examine the book st your leisure. Marvel at as ; 
pene eg appl H 
ap ere ia ae _ 
papaya eae spores 
POPULAR SCIENCE MONTHLY, 353 4th Ave., New York City Some refund guorontes. Add 50c for Canodian ords 
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Get this Handy OHMITE 


Ohms Law Calculator! 


Figures Ohms, Watts, 
Volts, bag erry 


‘ances, watta 
Radio and 2 Sine 436" 


Send only 10¢ In cola to cover cost of handling. 


OHMITE MFG. CO. 4942 Flournoy St, Chicago, IIL 


Burn Your 
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Electro Name Either 


REAL ENGINE VALUE 


‘The O. HQ, a & miniature, exsoling engine 


SPORTS, INC., (Mirs.) a WN. Clark St, Dept.S-7, Chicago, lL 
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you're sure to worm right 
if you follow the easy pictur- 
ised directions with Pulvex 


WILLIAM COOPER & NEPHEWS, INC. 
1957 Clifton Avenue, Chicago 


Ombination heat en 
WORM $f: 
CAPSULES 


the MODERN 
TROUBLE SHOOTER 


Nhe 

qa THE NEON CLOW ~ 
) -. = LOCATES TROUBLE 
INSTANTLY i in electric cite 


‘clumsy test bulb, 


t PUTS “FINGER” ON THE 
TROUBLE SPOT-- QUICKLY 


L.S.BRACH MFG. CORP. 


5S Dickerson St. Newark. WJ. ‘OUTLETS 
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— Save Me 


TO SPEED VICTORY 


SAVING TIME is of vital importance, for every 
second saved hastens victory and brings us that much 
closer to peace. 


Time is saved and precious machine hours are gained on 
many operations through the use of South Bend Lathes. Their 
wide range of spindle speeds permits machining work with 
maximum cutting tool efficiency. Their versatility keeps setup 
time to a minimum—adding hours to machine output on 
short runs or when product specifications are frequently 
changed. Conveniently placed, smoothly operating controls 
contribute to an ease of operation that reduces fatigue and 
increases manpower efficiency. 


Most important of all time-saving advantages is South Bend’s 
dependable precision which assures maximum production 
even when extremely close tolerances must be maintained. 


SOUTH BEND LATHE WORKS 


South Bend, Indiana Lathe Builders for 36 Years 
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Place a numbered flag at each golf hole. 
Small hazards will also add to the fun 


Fore! The ployer at the left cims for a hole on this pint- 
sized golf course that con be laid out under a shade tree 


ments such as guides and hooks. Drill a BRICKBALL. This is a combination of bowling, 
hole in one end %” deep and cut two %" wunderhand dart throwing, and miniature 
deep slots in the other end in the form of an golf—believe it or not! Place four concrete 
X. Cut the head from a small nail, drive the blocks on the pavement in echelon but with 
nail into the hole, and file to a sharp point. the ends touching, as shown in the photo on 
Bend two pieces of cardboard into the X page HW 334. Prop shingles or even card- 
to make a tail, the dimensions of the latter board so the ball will roll up the little 
depending upon the size and weight of the incline into the holes. Take a squatting: 
dart. position about 12’ from the target and try 
Draw the target on a piece of cardboard your luck, using a hand ball or other woodei 
tacked to a wooden board and nail the board or rubber ball small enough to enter thd 
to the side of a tree or building. You ask holes in the blocks, Assign target values t 
where does dart bowling come in? If you each pair of holes. Ordinary bricks will 
place the target at a low elevation, squat serve equally well if they are spaced fa) 
on your toes, and toss the dart underhand, enough apart to receive the ball. 
you will not only stretch unused muscles, 
but you'll afford yourself and your friends SHUFFLEBOARD. ‘The only equipment needed 
considerable amusement, especially if you for this game is a worn-out broom, a short] 
use as the target some comical caricature lathlike stick, one nail, a few short boards! 
or picture. If you prefer ordinary targets, 4” thick, and a small amount of rosin. Cut! 
they are easily made as shown below. off the broom handle and nail a 12” lense" 
of lath across the end. Whittle as many 6” 
4. disks as you wish from the boards. Coat 
Just grow, concentric cles on 0 is at card your driveway with a thin layer of rosin 
atl eeN d MNaS § ‘ort gome ‘and you are ready to play, using the same 
technique as in regular shuffleboard. It’s a 
good idea to mark your target with chalk 
or paint if you want to keep score and really 
test your skill. 


BOUNCE TENNIS. All you need for this stroke- 
improving game is space equal to about one 
half of a standard court, and a wall. Chalk 
or paint the bare outline of a net on the 
wall; then mark lines representing half a 
court on the pavement or yard. This re- 
quires space approximately 27’ by 39’, You 
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player then tries to score 
can fudge a little on length, but not too 
much, if you are really serious about your 
game. Wood and Goddard in their Complete 
Book of Games suggest that you serve from 
behind the back line from the right, the 
first ball striking the wall on the left and 
bouncing back into the service court so 
your opponent can play it. Play the ball on 
the bounce or on the fly, changing sides after 
each serve. If you're practicing alone, let 
your conscience be your guide in scoring. 


‘BASKETBALL. This game is particularly fun 
for children, Circle an old wood or metal 
barrel hoop with some netting. Fasten the 
hoop to a backstop board measuring 2’ by 3° 
and nail the board at a convenient height 

All your children 


oon of sport, exercise, and fun. 


‘ard games played with giant cards will 
jeod crop of laughs at parti 
specially if you put on exhibition gomes 


In brickball, four hollow bricks are placed on the pavement with 
cardboard or shingles propped as shown in the photo above. The 
Ey telling’ © bell into’ one of the holer 


tg / 
> 

JUMBO RUMMY. Parties are much more fun 
when you can provide some laugh-provok- 
ing games. How about gin rummy or even 
solitaire? In themselves they are not hu- 
morous, but they become real merrymakers 
if you hand out oversize cards measuring 
814” by 11” or more. Suggest that two of 
your guests play an exhibition game; then 
bring out the cards as a laugh surprise. 
Large cards may be purchased, but you can 
easily mark cardboard of the desired size. 


GIANT CHECKERS. A large square of black- 
and-white checked linoleum will serve as a 
board, and large checkers can be easily 
whittled out of wood, or grocery-container 
lids may be painted. You can have a chess 
game for the more intellectual of your 
friends. Cut the chessmen from heavy card- 
board and mount them on wooden blocks. 


Dolly Helps in Transporting 
Boats from Beach to Water 


A DOLLY built as shown in the drawing at 
the right is an invaluable aid in transport- 
ing small craft down the beach and into the 
water. The wide roller that carries the load 
is especially designed not to sink into the 
sand as ordinary wheels would. 

Any 2" thick scrap lumber will do for the 
frame, the two ends of which are shaped to 
conform to the bottom of the boat. Notches 
receive the keel. The four surfaces on which 
the boat rests are padded with carpeting or 
burlap to prevent damage to the hull. 

‘The roller is built of 1” by 14” slats 


nailed about 14” apart to ends built up of 
two 12” disks each. Place these so that the 
grain of one is at right angles to that of 
the other. A piece of 14” pipe pinned to the 
ends turns in pipe bushings set into wooden 
bearing supports. These latter are bolted to 
the frame after the axle has been inserted in’ 
the bearings.—H. 8. 


Keeping Canvas Taut When Replacing Decks 


IN REPLACING canvas decks, remove the 
cockpit coaming, coat the deck with white- 
lead paint, and while the paint is still wet 
lay on the canvas. Draw it as taut a 
possible and carefully tack it along the gun- 
wale. Next, place sandbags as shown in the 
drawing over the cockpit opening to stretch 
the canvas even further. This is an easy 
way to assure tight-fitting canvas decks. 
After the canvas has been thoroughly 
stretched, apply two extra coats of paint. 


Oil Cans Give Boat Additional Buoyancy 


AN EXTRA margin of buoyancy can be given 
a boat by fastening empty 1-gal. tin cans be- 
neath all the seats. The tall rectangular ones 
oil is sold in are best for the purpose. Dip the 
cans into melted paraffin or paint them to pre- 
vent rusting. Make certain that all the covers 
are screwed on tightly. 

Fasten each can under a seat board with 
two straps of thin band or hoop iron. Be sure 
that the straps are so bent that the cans will 
not rattle around loosely. In small boats, it 
may be sufficient to affix cans under the center 
seat only.—J. A. EMMETT. 


By ARTHUR C. MILLER 


\A/ OU probably have discovered that 
prune juice has vitamins. But did you 
know that the bottle itself has glam- 

our? Glance at the photo above if you don’t 

believe it—then go ahead and make this 
charming lamp yourself. 

Ordinary flat paint is used in applying the 
design, which can be of any color and style 
desired. Paint only one side of the bottle, 
however, since paint on the back will show 
through the glass. 

Let the paint dry for two or three days 
before attaching the socket and light cord. 
The original jar cap forms a base for the 
socket. Two %" holes are drilled in this 
cap, one in the center for the socket, the 
other slightly to one side for the cord.’ Slip 


Gumdrops and a Peppermint Stick Form This Amusing Cannon Favor 


A PRUNE-JUICE BOTTLE 
IS EASILY TRANSFORMED 
INTO THIS ATTRACTIVE 


a plastic or rubber grommet into the latter 
hole to prevent the cord from fraying 
against the sharp edge of the metal. 
Choose a white electric cord about 8’ in 
length or longer, according to your needs. 
Enamel the metal cap apple green to blend 


with the color of the bottle. A white silk 
shade 8” in diameter was chosen for the 
lamp shown, but the size of the shade should 
be determined by the use to which the lamp 
is to be put. If a larger shade is desired, 
the socket must be raised by means of a 
stem attached to the base. This stem may 
be a %” pipe nipple about 2” long. 

‘A pair of these lamps placed on end tables 
on each side of a divan will serve ideally for 
reading. It is advisable to use 10” shades. 


‘Tuts realistic candy cannon 
makes a novel party favor. 
Two large gumdrops serve 
as wheels, a long slender 
gumdrop forms the axle, and 
two baby gumdrops are the 
wheel caps. A toothpick holds 
everything together. The 
body of the cannon, a long 
candy stick, is held in place 
with a ribbon.—B. N. 


Two C-clamps and a wooden jig provide 
pressure for gluing the ends and floor 


Used on the top of o wri 
handsoms 


toble, the bookstand makes a 
for holding’ books, pens, and pa 


useful 


TABLE-TOP BOOKSHELF HAS HANDY DRAWERS 


By Charles and Bertram Brownold 


HIS decorative bookshelf with two small 

drawers is particularly useful on a flat- 
top writing table. It should be made of a 
wood harmonizing with that of the table 
and given an appropriate finish. 

The base is jigsawed from half-round 
molding that has been ripped on both sides. 
Screw a temporary holding block to one side 
of the moldings to facilitate handling them 
on the jig saw. After the curves are cut, 
miter the ends. Fasten the three pieces to 
a 14" board with screws driven at an angle 
through the edges of the board into the 
moldings. 

Cut the sidepieces to shape after you have 
dadoed them to take the back and the floor. 


‘wo mies - 


1G waur-nouno TEMPORARY 
MOONS HOLDING STRIP 


Jigsaw the decorations from 1" stock, 
round all edges off neatly, and glue the 
pieces to the sides. When gluing the floor 
and back into the dado grooves, small 
C-clamps used in conjunction with a wooden 
jig will provide the necessary pressure if 
a vise or clamp large enough to take the 
whole piece is not available. 

Secure the base to the upper part by 
means of screws through the molding into 
the sides and back. The fronts and backs 
of the drawers are rabbeted to take the 
sides. A center piece 15" by 113" by 6%" 
separates the two drawers. 


DEVICE THAT CAN BE 


EW accessory, which the 
craftsman can make at 

home for his local Red Cross 

chapter, folds surgical dressings 

three to five times faster than by 

hand, Invented by Philip W. 

Burnham, an engineer with E. I. 

du Pont de Nemours and Com- 4 

pany, it is already in use by the 


Delaware chapter for folding 
dressings. All the rights, plans, 
and specifications have been 


turned over to the American Red 
Cross. In Delaware alone the 
folder will, it is said, increase 
production’ by 150,000 worker 1 
hours. 

The device consists of a com- 
position-board base with six 
hinged flaps that are folded over 
with the gauze in the order in 
which they are numbered in the 
drawing, thus creasing the ma- 4 
terial precisely to measurement. 
After each operation, the flap is 
returned to its original position. 
The accompanying photographs 
show the steps taken by a worker 
as she folds a dressing. Gauz 
must be cut to Army and Nav 
specifications so that with a 
curate folding the completed 
dressings can be packed to exact 
requirements. The folder is so 
easy to operate, however, that 


T The narrow flap, No. |, is folded over 
first of all. The corner ‘of the gauze is 
mitered to conform to specifications 


2 Flop No. 2 is turned over on its hinge 
for a second correct fold in the series 


Under the left hand of the worker is o 
finished third fold, while step No. 4, 
the next sequence, is being completed 
The mitered corners may be seen here 


4 With the folding over of flap No. 5, 
work on the dressing is nearing the end 


5 [tis finished with the sith fold, which 
brings the dressing to regulation size 


This one 


CT TE 
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A 
Red Cross Dressing Folder 


MADE BY HOME CRAFTSMAN SPEEDS OUTPUT OF SURGICAL AIDS 


even children have no difficulty using it. 
Although construction of the folder is 
equally simple, all parts must be accurate 
to within 1/16", Materials needed are %” 
composition board, adhesive tape having a 
tough, washable coating, and a few staples. 
The board should be the impregnated or 
tempered variety that will not shed particles 
that might become enmeshed in the dress- 
ings. The only tools necessary are an ordi- 
nary office stapler, shears or a paper cutter, 
a hammer, a sharp knife, and a chisel. 
Staple the strips to the baseboard, using 


the flaps as spacing guides together with 
strips of thin cardboard temporarily in- 
serted to provide clearance. Then butt the 
flaps against the hinge strips and tape them 
securely in place, leaving the clearance at 
the other end. 

Dimensions given in the drawing are for 
a folder that will make standard 4” by 4” 
surgical dressings. Similar folders have 
been designed for making standard 2” by 2” 
and 414” by 8” dressings. Construction 
plans for them may be obtained from the 
Red Cross. 


Locked comer joints may 
be m en a circular 
"saw if one is available 


Right, cutting a finger 
hold in one side. Grind 
the edg di 


an ordinary 
chisel round for this job 


'HIS year more people than usual 

will want to keep honey bees to 

supplement rationed sugar sup- 
plies and stocks of preserves. Those 
who wish also to build their own bee- 
hives can readily make them out of 
white pine as shown in the drawings 
on this page. 

Lock corner joints are desirable, but 
if power tools are not available, nailed 
butt joints will do. Finger holds by 
which these units can be lifted are 
made with an ordinary chisel, the edge 
of which has been ground to a curve. 

The bottom board protrudes at the 
front to form a landing place for the 
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-for 
WAR JOB 
-for MECHA 
and ENGINI 


A Complete, Easy-to-Follow Course on Every | 
Phase of Mathematics in this 640-Page Book! -for BUSINES 


Ts basen inate, eerntorear to, prem manana 29202 COUN’ 
war industry, you can do more eicient job and earn rapid gdvancement an 
wh Klee" atnematude Gon andy dikoe Teaser. Butnessaan 

esata lata urea tz i knohcge i hag fo suc 
San Atuogtprgieie? Wsauetonet ticle te Ariel Pores ar 
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=for all who us 
enjoy figure 


POPULAR MATHEMATICS turns the mystery of figures into 
mastery. It simplifies Arithmetic for you-with hundreds of 
Short cits you never Knew. It takes the bugaboos out’ of 
rigonometey and Geometry and Algebra.” It shows you the 


practical Nines or Pinne” Geometry. Rolld Geometry.” Ana 
fviieal Geometry. Tt the living 3 
of Spherical ‘Trigonometry (used. in navigation}, Conic 


Sections and Calculus. It explains all the uses. of Applied 
Mathematics. ‘No longer is there any’ need to develop an 
{nferlority ‘complex over m atring of "Sea" and “a.” 
Now you can easily and enjoyably learn how to tame 
them—and all’ other ‘mathematleal deviees—and put 
them to work for you. 

‘The ten courses covered in POPULAR, MATHE- 
MATICS might take you years of study at school or 
College and cost You hundreds of dollars in. tuition. 
But with this fascinating, easy-to-understand volume, 
you ean master mathematics, quickly, enjoyably—and 
Re trifling cost! ‘Written by Denning Duer Miller, out 
standing mathematical authority; based on solid’ prac- 
Heal experienc 


How ships and planes can fix their position out of 
aight of land 

How the Magic Triangle Works. 

How the properties of a circle explain ec 
other celestial wonde 

How algebra solves military and industrial problems. 


ses and 


‘The triangle on which the Greeks built their entire 
civilization, 
Why the discovery of the Zero sign was of tremendous 


importance. 
How engineers are able to tunnel through a mountain 
from opposite sides simultaneously, and meet exactl; 
‘Why geometrical figures are essential to engineering 
design, airplane and ship construction, ete. 
How trigonometry solves almost every problem in me- 
chanics, astronomy, surveying, navigation, range find- 


ing. te 
hy @ bathroom floor may be laid with square or 6- 
sided tiles, but not with 8-sided tiles. 

How calculus is used to discover the wing loads in de- 
signing a new airplane, and in figuring the varying rates 


Send no money now unless you wish to. See a copy 


of speed of bullets, parachutes, engines, and all types of | lar Mathematics ‘rattry iC for a weeks “Convine 
machines. {art era ook you must have, “At‘the end, of a 

How ts figure interest rates, the laws of probability,  May,feturn ieand owe nating, or Keep it and Day, 
ete, ete. Logstithen Wick “PREET was the “attached 
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‘New ¥ 
Ine, 


Lheyve Got What it Takes! 


engines... their 
1 guns—these men in the 
Air Force ground crews have 
what it takes “to keep ‘em flying” 


SURE | SMOKE 
CAMELS, THEYVE GOT 
WHAT | WANT 
MILDNESS AND PLENTY 
OF FLAVOR 


EFORE you simply 

ake it for granted that 
you're getting all the smoking 
pleasure there is in a cigarette— 
Before you take anyone else's 
word for a cigarette’s mildness, 
its freedom from irritation, or its 
flavor— 

Try Camels. Put them to the 
‘T-ZONE" test (see below, right) 
Jand let your own taste and throat 
tell you why Camels are such a 
favorite in all the services and 
with millions at home. 


Camels 


CAMELS SUIT ME BETTER 
ALL WAYS, THEY'RE 
EASY ON MY THROAT_ 


HIS NAME can’t be revealed, 
remember him— 
nic who could 
always get your car started, He 
els (the favor- 
ite in all the services)... only 
now he's grooming B-17E' 


| Liist in the Service 


Guard, the favorite cigarette is Camel. (Boxed on 
soles records in Post Exchanges and Canteens.) 


The Zone” 


- es 
AND A REAL TREAT TO vier waar 
My TASTE are judged 
The "T-ZONE" —Taste and 


Throat—is the proving 
ground for cigarestes. Only 
your taste and throat can decide which 
cigarette tastes best to you...and how it 
affects your chroar. Based on the expe! 
ence of millions of smokers, we belie 
Camels will suit your "¥-Z0NE" to a 


JEANNE FLAHERTY 
(right) turns out one of 
the vital parts of a bomb- 
er. Jeanne’s cigarette? 
“Camels! They're extra 
mild, and never go flat on 
my taste,” she says. 


